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INORGANIC ‘ANALYSES IN WATER QUALITY: CONTROL PROGRAMS

.

Thls course is for chexmsl.s and techniclans witn little or no experience

in inorganic analyses commonly reaiired for NPDES permit compltance

and in other water quality program ¢, Applicants should have fundamental
ce knowledge of tnorganic cnemistry i) juantitative analysis. and should

have basic laboratory skills inclue - ., ase of analytical bnla.nces, volumetric

glassware and titration 2ssemblies.

After successfully completing the course, -the m-d‘nt wm know the ger;grnl
- classés of methods Ksted as approved in the Fede; al Registeyr for analyéis
of inorgaric pollutents, and will be able to use *Le ~iethods to measure
? each parameter selected for the course. 'He will alno know how to apply
quality assurance techniques to hir -work and how to validate his analytical
- accuracy and precision. / .
in

Tne training includes classroo straction, -student performance of

laboratory pror. ‘ures. and disdussiop ¢f each lnbontory ullgnment and

reported resul*>

«

The student will perform tnetpsi procedures for ncldity. alkalinity. .
- ardness, chlorine, total ;hﬁhorua, fluoride, nitrate and nitrite nitrogen,

total and suspended solice, frbidity and spécific conductance. Otner topics
- - ape sample handling. zomplignce methodology. accuracy. precisicis and °

error df data, and ....munts 9¢f quality assurance programs.

- -

U. S. ENVIRONMENTAL PROTECTION AGENCY,
Office of Water Program Operations
. National Training and Operational Technoloty Center

[ I



FOREw:

3 .
LT . . ' '\ R
“These manuals are’prepared for reference use.of students enrolled
in scheduled training courses of the Office of Water Program Operations. X
U.-S. Env:ronmenul Protection Agency. )
Due to the lim’ited uvaﬂnbility of the manuals it is not 1pproprhl!e
to cite mem as technnl references in bibuognphiea or other forms
- cf puuucuuon.

. Refereaces to pod and facturers are for mnstraﬂon ouly.
" such references.do not imply product “endorsement by the Office of
+  Water Proznm Operations, ©.S, Envir ! Protection Agency.

The reference outlines in this man“p.l have been selected and developed with
a goal of providing the student with a fund of the best availabie current
information pertinent o tne susject matter of the course. Individual
instructors’'may provide additional material to cover special aspects of
Y their own presentations. R .

This manual will be useful to anyone who has need for information on

. the Bubjedte covered. However, it should be understood that the rnanual
will have its greatest value as an adjunct to clasgroom presentaiicas.
Tae inherent acvantages of classroom presentation is in the give-and-take
discussions-ana exchange of information between and among students znd

. the instructional staff.

Constructive suggestions for {mprovement in the coverage. content, and
format of the manual are solicited and will be given full consideration.
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SAMPLE HANDLING - FIELD THROUGH LABORATORY, - . ~ ;o
I PLAXNING A SAMPLING PROGRAM ) C The equipment used to collect the sariple
. ' is an- rtant factor to consider.
A Factors to Consider: T S AsTM(Y paga detailed section on various -
. . . sampling devices and techniques.

1' Locating sampling sites . , bl -

N N s D Great care must he exercised when -

2 Sampling equipment : " * collecting samples in shidge.or mud areas

and near benthic deposits. No definite

3 Type of sample required S - procedure can be given, but cureful
. . e effort should be made to obt~in a rep-
.a grab resentative sample,,
b . compozite . .
4 Amount of sample required . I SAMPLE IDENTIFICATION ’
: v S - .
5 F‘requenc)' of collection * A Iiach sample must be unmistakably
~ . ) identified, prefefably with a tageur lshel.
6 Preservation measures, if any The required informatton should be planned
- “1in advance.’

B Decisive Criteria ’ ) .
) N B An information form preprlnted on the
. tags or labels provides uniform: - of
L. sample records, assists the samplér, and
2 Stability of constituent(s) tc be rheasured < heips ensre that vital information will
s ’ not be omitted. :

,
1 Nature of the sample source

3 Ultimate use of data

. € Useful Idemmcauon Information includes: -
O REPRESENTATIVE SAMPLES 1 sample identity code

) 2 signature of sampler .
‘If a sample is 0 provide meanlngful and ' 3’ signature of witness o
valid data about the parent population, it 4 description’of sampling location de-
must be representative of the conditions .. tailed enough to accommodate repro-
existing in that parent gource at the ° ducible sampling. (It‘may be nore
sampling location. . - convenient to record the detalls in the

field record book).

A The container ghould be rinsed two or 5 sampling eqummem used
thr'ee times with the water to be collected. 6 date of collection
7 time, of collection
B Compositing Samples . ‘ 8 type of ' sample {grab or composite)’
. A ' i 8 watér temperature
1 For some sources, a composite of 10 sampling cbnditions such as weather,
samples is made which will repregent water level, flow rate of source, etc,
the average situation for stable ? 11 any preservative additions o1 techriiues -
connﬁtuents ' ’ 12 record of any determinations done in
. . _the field
2. The nature of the constituent to be . 13 type of analyses to be done in 1dboratory
determined may requ‘re a series of : .
separate samples, ,
WP.SUR. sg. 6a. 11.77 ) T ? 1-1
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*Sample Handlin'g - Field Throvgh Laboratory
23mp >

-

IV SAMPLE CONTAINERS

LA Available Materials . : .
1 glass - » e

' 2 plastic .

Y hard rrber .
‘B Considerations

»-

1 I_WAiure of the sample - Organtcs
attack polyethylene, P

Nature of constituent(s) to be determined
- Catioris c&fi adsorb réadily on some
plastics and on certam glassware.

Metal or aluminum, foil cap liners can
interfere with metal analyses.

[N

3 Preservatives to be used - Mineral
acids attack some plastics,

4 Mailing Requirements - Containers

should be large enough to.allow extra
volume for effects of temperature
changes during tms&t. Al caps
should be securely in place. Glass
contalners must be protected against

>  breakage. * Styrofoam linings are

useful for protecting glasaware. .
» .

C Preliminary Check

Any guestion of possible interferences
related tothe sample container should
be resolved before the study begins, A ,
preliminary check should be made uging
. corresponding sample materials, con-
tainers, preservatives and analysis.

f‘le'anl.ng ~-

T
If new contalkners wre to be used, prelim-
inary cleanl.ng is ugually not necessary.

f

If the sample containers have been used
.previously, they should b® carefully
demed before -use.

Ther: are severs! cleaning methods~
available. Choosing the best method in-
volves careful consideration of the nature
of the sample and of the constituent(s} to
be determined.

Storage

1 Phosp‘mte detepkents should not be
used b clean containers for pho phosphorus
-~ samples. .

2_ Traces of dichromate cleaning solution
will interfere with'metal analyses.

Sample containers should be stored and‘
transgported in a manner to assure their
readiness for use.

SAMPLE PRESERVATION .

Every effort should be made to achicve
the shortest possible interval between
sample collection and analyses. If there
must be a delay and it {s long enough to
produce significant changes In the sample,
preservation measures are required.

At best, howev;’r, Ppreservation efforts
can only retard changes that inevitably
contirtue after the sample is removed
from the parent population.

Functions . 7 '

Methods of preservation are relatively

limited. The pr:lmary functicns of those

employed are:

1 to.retard biological action -

2 to retard precipitation or the hydrolysis
of chemical compounds and complexes

3 to reduce volatility of constituents

Generdl Methods

1 PpH control - This affects precipitauon
of metals, salt formation and can .
inhibit bacterial action. .

2 Chermical Addition - The choice of
chemical depends on the change to be
controllr.d. Y
Mercur.c chloride is commonly used
as a bacterial inhibitor. Dispqsal of
the mercury-containing samples is a
problem ans efforts to find a substitute
foi this ¢énxicant are underway.
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To dispose of solutions of inorganic
mercury salts, a recommended
procedure is to capture and retain the
mercury salts as the sulfide at a high
pH. Several firms have tentatively
agreed to accept the mercury sulfide for
re-processing a?e)r preliminary’ con-
ditions are met.{%

3 Refrigeration and Freezing - This is

- the best preservation technique avail-
able, but it {s not applicable te all :
types of samples. It {s not always a
practica} technique for field operatiors,

C Specific Metheds ff

The EPA Methods M:nua.l(z) includes a
tabl: fummarizing the holdh‘:g times and
preservation techniques for several
analytical procedures. This information
"also can be found in the standard refer-
-ences(1,2.,3} 25 part of the presentation
of the individual procedures.

V1 METHODS OF ANALYSIS

Standard reference books of analytical
procedures to determine the physical
and chemical characteristics of various
types of water samples are available.

A EPA Methogs Manual

The Methods Development and Quality
Assurance Research Laboratory of the
Environmental Protection Agency, has
published a manual of analytical procedures
to provi¢ methodology for toring the
quality of «. 1* Natidn's Waters and to deter-
mine the impact of ‘waste diécharges. The
titte of this manual is '"Methods for Chem-
csl Analysia of Water and Wastes. '(2)

For gome procedures, the analvst is

referred tn Standard Methods and/or to

ASTM Stardards, . .
.

B Standard Methods
- . .

‘The American Public Health Association,
* . the American Water Works Associatinn
and the Water Pullution Control Federation

.

fample Handling - ¥ield Through Laboratory - ° .

prepare and publish a volume describing
methods of water analysis. These 1clude
physical and chemical procedures. 7The

* title of this book {8 "Standard Methods

for the Examination of Water and Wastev". ~
water, "{3)

ASTM Standards -
.. ,

The Amaerican Society for Testing and

Materials-publishes an annual "book"

cf specifications and methods for testing

materials. The "book” currently con-

sists of 47 parts. The part applicable

- to water is a book titled, "Annual Book

/E

of ASTM Standards', Part 31, Water. -

. Other References
Current literature and cther books of
analytical procedures with related in-
formation are dvailable to the analyst.

Federal Register Methodology

‘When gathering data for National Pollutags

Vit

¢

Discharge Elimindtion System or State €erti-
fication report purposes, or for compliance
with maximum contaminant levels in drinking
water, the analyst must consult the Federal
Register’ for a 1isting.of approvéd analytical .
methodology. There he will be direzted to
pages in the above cited reference books where
acceptable procedures can be found. ‘The -
Federal Register also provides information con-
cerning the protocol for obtaining approval to
use analytical procedures other than those listed.

.

ORDER OF ANALYSES B

R -

The ideal situation is to perform all
analysgs shortly after sample collection.
In practical order, this is rarely
possible. The allowable holding time
for preserved samples is8 the basis

for scheduling analyses.

1
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Sample Handling - Field Through Laboratory

viao,

. .- -

The allowable holding time for samples

depends on the nature of the sainple, the -

stability of the constituent(s) to be de-
termined and the conditions of storage.

1 For some constituents and physical
- »values, immediate determination is
required, e.g. dissolved oxygen, pH.

2 Using preservation techniques, the
holding times for other determinations
range from 6 hours (BOD) to 7 days

*(CODY. Metals may be heldup to 6
momhs.(z)

3 The EPA Methods Manual (”and Standard

Methodsinclude a table summarizing

information can also be found in the
standard references fL.2.3

If dissolved concentrations are
sought, filtration should be done in
the field if at all possible. Other-
“wise, the sample is filtered as soon " *
«s it is received in the laboratory.

A 0.45 micron membrame filter is
reco ded for reproducible
filtration. N

IS

The time interval between collection
and analysis is important and should be
recorded in the laboratory record book.

RECORD KEEPING

The importance of maintaining a bound,
legible record of pertinent information
on samples t be over-emphasized.

, Fileld Operations

A bound notebook should be used. Informa-

tion that should be re~orded includes:

1-4

holding times and preservatior techniques
for several analytic§l procedures. This

as part of the
presentation of the individual procedn res.

!

1 Sample identification records (See
Part 0I) .

2 Any information ."equested by the
analyst as significant )

- 3 _Detalls of sample prese:vation

.4 A complste record of data on any

deter:ninations-done in the field. N
{See B, next)

5 Shipping details and records
Laboratory Operations
Samples should be logged in as goon as

received and the analyses performéd
as soon as possible. .

4
. A bound notebook should be used.

Preprinted data forms provide uniformity
of records and help ensure that required
irformation will be recorded. Such sheets
should be permanently beund.

Items in the Iduratory notebook would
tnelude: ’

1 sample identifying code
date and time of collection
date and time of analysis
the analytical method used
any deviations from the analytical
method used and why this was done
data ootainéd during analysis
results of quality control checiis on the
. analysis
8 any informastion useful to those who
interpret and use $he data
¢ signature of the analyst

0ok W N

-



X SUMMARY

Valid data can be obtained only from: a repre~
sentative sample, unmistakably identified,
carefully collected and stwored. A riilied
analyst, using approved methods of analyses
and performing the determinations within

the prescribed time limits, cah preduce data
for the sample. This data will be of value
only if a written record exists to yerify sample
history from the field through the laboratory

REFERENCES .
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Part 31, Water, 1875,

2  Methods for Chemical Aualysis of Water‘ -
and Wasgtes, EPA-MDQARL,
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METHODOLOGY FOR CHEMICAL ANALYSIS OF WATER AND WASTEWATER

I _INTRO H

This outline’deals with chemical methods which
are commonly o\ rformed in water quality
laboratories., sdthough a lzrge number of
constituents or properties may be of interes!

to the analyst. many of the methods employed
to measure them are baged on the same
analytical principles. The purpose of this
outline Is to acquaint you with the principles
involved in commonly-used, chemical methoda
Jto determire water guality.

11 PRE-TREATMENTS

For some parameters. a prelun].nary treatment

is reqmred before the analysis begms. These
treatments serve Yarious purposes.

A Diatﬂlation - To igolate the constituent by
heating a portion of the sample mixture 1o
separate the more volatile part(s). and then

' cooling and condensing the resulting vapor(s)

to recoxer the volatilized portwn.

B Extracuon - To laolate/concemrate the .

constituent by shaking a pox"uon of the
sample mixture with an immiscible solvent
in which the constltuent is much more .
soluble, N

C Filtration - To separate undissolved matter
from a sample mixture by passing a portion
of it through a filter uf specified size, 7
‘Particles that are dissplved in the original
mixtare are 60 small that they stay in the
sample solution and pass through the filter,

D Digestion - To change conal/tuenta to a form
umenable Yo the specified test by heating a

pontipn of the sample mixture with chemicals.

~ Il -METERS

For some parameters, meters have heen
designed to measure that specific constituent

, Or property., . .

P

A}

CH., 14b, 11,77

-C Conductivlty Meters

A pH Meters .
PH (hydrogen ion concentration) is meas-
ured as a difference In potential & ross a
glass membrane which is in contact with
the sample and wich a reference solution.
The sensor apparatus might be combined
into ane probe or else it is divided into an*”
indicating electrode (for the sample) and a
reference electrode (for the rererence
solution), Before using, the meter must
be calibrated with a solution of known pH
{a buffer) and then checked for proper
operation with #uﬂer of a different pH 5
value.

B’ Dissolved Oxygen Meters

' Dissolved oxygen meters measuve the
production of a current which is proportional
to the amount of oxygen gas reduéed at a
cathode in the apparatus. The oxygen gas
enters the electrode through a membrane,
and an electrolyte solution or gel acts as a
trinsfer and reaction media. Prior to use
the meter must be calibrated against a known
oxygen gas concentration.

Specific condu%\ce is measured with a
meter containing®a Wheatstone bridge which
measures the resistance of the sample
sGlution to the transmission of an electric
eurrent, 7The meter and cel) arg calibrated
according to the conductance of a stafdard
solution of potfiBrium chloride at 25°C,.

‘measured by a "standard” cell witi electrodes

one ¢cm square spaced one cm apart. Tnis
" is why results are talled "apecmc con-
ductance. "

D Turbidimeters

A turbidimeter compares the intensity of
light scattered by particles in the sanfjle
+ under defined conditions with the intensity
of light scattered by a stantard reference

suspension.

[y
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SPECIFIU 10N ELECTHODES .

Just as the conventional glass electrode . ¢
for oH develops an ‘electrical potential in
response to the activity of rydrogen ion

:n solution, the specific ion electrode
develops an electrical potential-in response
1o the activity of the 10n for which the electrode
is specific. The potential and activity are
related accordin,” to the Nernst equation.
Simple analytical techni4ues can be applied

to convert activity to an expressmn of con-
centration.

These electrodes are used with a pH meter
with an expanded mV scale or with a specific
ion meter. Two examples are the ammoma
and fluoride electrodes.

Ammonia

The ammonia electrode uses a hydrophobic
gas-permeable membrane to separate the

. sample golution from an ammonium chloride-

internal solution. Ammonia in the sample
diffuses through the membrane and alters

the pH of the internal solution, which is
seased by a pH electrode. The constant

level of chloride in the internal solutiop is
sensed by a chloride selective ion electrode .
which acts as the reference electrode.

Fluaride

The fluoride electrode consists of a lanthanum
fluoride crystul across which a potentiai is
developed by flucride ions. The cell may be
represented by Ag/Ag C1, C1(0.2),F (0.001)
LaF/test solution/SCE/. It ig used in con-
junctiop with a standard single junction
reference electrode. ' _

GEXNERAL ANALYTICAL METHODS
Volumetric Analysis

Titrations involve usirig a buret to me . sure
the volume of a standard golution of ¢ sth-
stance required to completely react witli
the constituent of interest in a measured
volume of sample. One can then calculate
the original concentration of the constituent
of interest.

There are various ways w0 detect the end .
point when the reaction is complete. 1 ‘3

1 Color change indicators

The method may utilize an indicator which
changes color when the reaction is
complete. For example, in the Chemical
Oxygen Demand Test the indicatcr,,
ferroin., gives a hlue-green color to the
mixture until the oxidation-reduction -
reaction is complete. Then the mixture
is reddish-brown. P

Several of these color-change titrations
make use of the iodometric process
whereby the constituent of interest quan-
titativelv releases free iodine. Starch

is added to give a blue color until enough *
reducing agent (gsodium thidsulfate or
pherylarsine oxide) ig added to react

with all the iodine. At this end point,

the mixture becomes colorless.

2. Electrical property\indicators

Another v ay i~ detect end points is a
- change in an eiectrical property of the

solution when the reaction is complete.
In the chlorine titration a cell containing
potassium chloride will produce a small
direct current as long as free chlorine
is’present. As a reducing agent {phen-
ylarsine oxide) is added to réduce
the chlorine, the micrvammeter which
measures the existing direct current

. registers a lower reading on a scale.
By observing the scale, the end pomt of
‘total reduction of chlorine can be
determined because the direct current
ceases. -

N

3 Specified end points

For acidity and alkalinity titrations, the*
end points are specified pH values for
the final mixture. The pH values are
those existing when common acidity or
alkalinity components have been neutral-
ized. Thus acigity is determined by
tilratinz the sample with a standard
alkali to pH 8.2 when carbonic acid
would be neutralized to (CO4 . Alka-
linity (except for highly ncxdic samoles)
is determined oy titrating the' sample
with . standard acid to PH 4.5 when the
carbonate present has been converted .
to carbonic acid. pH. meters are used to
detect the specified end points. .
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R .
B Gravimo{r,\v P'rocedures
had . »
Gravimetric nv!hods involve direct
weighing of the constituent in a container.
An empty container is weighed. the
. Lonstituent is separated from the sample
mixture and isolated 1., the container, then
the container with theconstituent is weighed.
. The difference in the weights of the container
before and after containing the constituent
represents the weight of the constituent, "

-

The type of container depends on the method
used to separate the constituent from the
sample mixture.s In the solids determinations,
the container is an evaporating dish (total or
dissolved) or a glass fiber filter disc in a
crugible (suspended). For il and grease,

. the con!zu‘ne:['(s a flask containing a residue

. amfr evaporation of a solvert, -

C' Combustion N

Combustion means to add oxygen: Indhe
Total Organic Carbon Analysis. combustion
is used within an instrument to convert

- carbonaceous material to carbon dioxide.
An infrared analyzer measures the carbon

. dioxide, ’ :

VIl PHOTOMETRIC METHODS , N '
These methods involve ‘lhe measurement of light
that is absorbed or transmitted quantitatively
either by the constituent of interest or ‘else'by
a substance containing the constituent pf interest *
which has resulted from. some treatment of
the sample, The quantitative aspect of these *
photometric methods is based on applying the
famberttBeer Law which establishied that the
amount of light.absorbed is quantitatively
related to the concentration of the ‘bsorbing
medium at a given wavelength and & given
thickness of the medium thréugh which the

. light passes.

Eacb method requires preparing a set of
*standard solutions containing known, amounts
of the constituent of interest. Photometric '

*'Values 4re obfained for the standards. These

are used“to draw a calibration (standard) curve
by plotting photometric values against the
cancentrations. Then. by locating the phato-
metric value for the sample on this standard .
curve, the unknown concentrgtion in the
sample can be determined, ‘

K3 o

A Atomic Absorption

Atomic Absorption (AA) instruments ytilize
absorption of 1ight of a, characteristic wave-
length. This form of analysis involves
aspirating solutions of metal ions (cations)

. or molecules containing metals into a

flame where they are-reduced to individual
atoms in a ground electrical state. In this
condition, the atoms can absorb radiation
of a wavelength charactetistic for each
element. A lamp containing the element of
interest as the chthode is used as a source
to emit the charactegistic line gpectrum for
the element to be de§ermined.

" S0 ' .
The amount of energy absorbed is directly
related to the concentration of the element
of interest. Thus the Lambert-Beer Law
applies. Standards cap be prepared and
tested and the resulting absorbance values
can be used to construct a calibration
(stafidard) curve, Then the absorbance

-value for the sample is located on this curve
, to determine the corresponding concentration.
. -

Once the instrument i8 adjusted to give

~opgimdm reaglings for the clement of interest.

the testing of each'solution can be done in
a-matter of seconds. Many laboratories
wire recorders into their instruments to
rapidly transcribe the data, thus conserving
time-Bpent on this aspect of the analysis.
Atomic absorption techniques are generally
used for metals and semi-mmetals in golution
or ‘else solubilizéd through some form of
sample processing. For mercury. the
principle is utilized but the absorption of
light occurs in a flameless situation with
the mercury in the vapor state and contained
in a closed glass cell.

.

B Fldme Emission

¢

. 1 ~ determined by the emission technique.
[V .

Flame emiésion'photometry jinvolves
.measuring the amount of light given off by
atoms drawn into a flame. At certain
temperatures, the flame raises the electrons
in atoms to a higher energy level. When
the’electrons fall back tq a lower energy
level, the atoms lose (emit) radiant energy

. which can be detected and measured.

Again standards must be prepared and
tested to prepare a calibration (standard)
curve. Then the transmission value of the
sample can be Tocated on the curve to
determine its concentration.

Many atomic absorption instruments can be
used for flame emission photometry.
Sodium and potassiun. are very effectively

$2-3
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However, for many eicnionts, absorption
ana.l&sis is more gensitive because there are:
a great number of uncxcitcd atoms in the
flame which are available to absorb the
radiant energy.

s

—--€~Colorimetry

Colorimetric analyses involve treating”
standards which contain known concentrations
of the constituent of interest and also the o
sample with reagents to produce a colored
solution, The greater the concent. 'tion of
the constituent, the more intense will be

the resulting color. ’ o,
The Lambert-Beer Law which relates the
absorption of light to the thickness and

' concentration of the absorbing medium
applies. Accordingly, a spectrophotometer
i3 used to measure the amount of light of
appropriate wavelength which, is absorbed - ..

As with other instrumenial methods, standards
with known concentrations of the substance of
intercst are measured on the instrpment. A
calibration (standard) turve can be developed
and the concentration in a sample can be
determined from this graph.

' .
Gas-liquid chromatography methods are very
sensitive (nanogram, picogram quant{ties) so
only small amounts of samples-are required.
On the other hand, this extreme sensjtivity
often necessitates extensive clean-up of
samples prior to GLC analysis. .

VIl AUTOMATED METHODS - .

The increasing number of samples and ‘
measurements to be made in water quality
laboratories has stimulated efforts to automau
these analyses, Using smaller amounts of
sample (semi-micro techniques), combining
reagents for fewer meaSurements per analysis,
and using automatic dispensers are all means

by the same thickness of each solution. "\\ of saving analytical time.

The results from the Standards are used to
construct a calibration (stahdard) curve.

Then the absorbance value for the sample [
is located on this curve to determine the
corresponding concentration, :

. .

U Many of the metals and'several other
parameters (phosphorus, ammonia, nitrate,
nitrite, etc.) arc determined in this
manner. )

vil GAS-LIQUID CHROM ATOGRAPHY

Chromatography techniques involve a separa-
tion of the components in a mixture by using
= difference in the physical properties of the
components, Gas-Liquid Chromatography’
(GLC) involves separation baged on a differ~
ence in the properties of volatility and solu-
bility. The method is used to determine
algicides, chlorinated organic compounds
and pesticides?

The sample is introduced into an injector

block which is at a high témperature {e.g.

210°C). causing the tiquid sample to volatilize.
" An inert carrier gas transports the sample

components through a‘liquid held in place as

a thin film on ar ‘inert solid support material

in a column. ¥ ”

Sample components pass through the column

at a speed partly governed by the relative

solubility of each in the stationary.liquid.

Thus the least soluble components are the

firat to reach the detector, The type of

detector used depends’on the ‘class of compounds

involved. All detectors function to sense and

measure the quantity of each sample cd!!:pongnt

as it comes off the colvivui, The detector

signals a recorder system which registers

a responsge, '

2-4

o
‘However, the term "automated IKbornu:ry
procedures' usually ineans automatic intro-
duction of the sample into the instrument,
automatic treatment of the sample to test tor

a component of interest, automatic recording
of data and, increasingly. automatic calculating
and print-out of data. ,Maximum automation
systems invplve continuous sampling direct
from the source (e. g, an in-place probe) with
‘telemetering of results to a centralicompiiter,

* Aut ted hod.

pgcially those based on
colorimetric methodology. are recognized for
several wateT quality parameters incliding

alkalinity, ammonia, nitrate. nitrite., phosphorus.,
and hardness. '

IX SOURCES OF PROCEDURES

Details of the procedure for an individual
m¥asurement can be found in reference o ks:
There are thred particularly-recognized books
of 'proredures for water quality mengugéments.
A Standard Meitiods(1) o
The Americsn Public Health Association.
the American Water Works Association
and the Water Pcllution Control Federation
prepare and pubi.sh "Standard Methods: for
the Examination of Water and Wastewater. "
As indjcated by the list of publishers. this
book rontains methods developed for use by
thos: interested in water or wastewpter
treatment.

B ATM Standardst®)

o
The American Society for Testing and
Materials publishes an ""Annual Book of
s ASTM Standards' containing specifications
and methods for testing materials, The
. "book" currenﬂL‘ﬁonsists of 47 parts.

14
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° .
The part applicable to water was formerly
Part 23. | It is now Part 3], Water.

The methods are chosen by approbal of the
memberslup oL ASTM and are intended to
aid ifidustry, go.ernment agencies and the'
general public, Methods are 'ap;ilicable to
industrial waste waters as well as to other
types of water samples.

C EPA Methods Manua}(3

The United States Envn-onxnentnl Protection
Agency pyblishes a manual of ""Methods for
Chemical Analysis of Whter and Wastes.

EPA developed this manual to pr:wlde
methodology for monitoring the quality of
our Nation's watgrs and o determine the
impact of waste dischargess The test pro-
cedures were carefully selected to meet
thése neéds, using Standard Methods and
ASTM as basic' references. In many cases,
the EFA manual contains, completely
described procedures because they modified
, methods from the basic references. Other-
wise, the manual cites page numbers in
the two references where the analytical
procedures can be found.

X ACCURACY AND PRECISION

A Of the*Method .
One of the criteria for choosing methods
to bewsed for water quality analysis is that
the method should measure the desired
property or constituent with precision,

accuracy. and specificity sufficient to meet *-

data needs. Standard references, then,
include a-statement of the pfecision and
accuracy for the methdd whichi Stained
when (usually) several analysts . ifferent
laboratories used the particular method.

B Of the Analyst

Each analyst ghould check his own precision
and-accuracy as a test of his skill in per~
forming a test. According to the U, 5. EPA
Handbook for AnalytPeal Quality ontrol(4),
he.can do this in the following manner.

% Recovery =

To check precision, the analyst should
analyze samples with four different
concentrations of the constituent of interest.
seven times each. The study should cover

- at least two hours of normal laboratory

operations to-allow changes in conditions
to affectghe " results Then he should
calculate the standard deviation of each of
the sets of séven results and Coppare his
values for the lowest and highest concen-
trations tested with the standard deviation
‘value published for that method in the.reference
book. An individual should have better values
than those averaged from ‘the work of several
analysts.

. To check accuracy, he can-use twp of the
samples used to check precision by adding
a known amount (spike) of the particular
constituent in quantities to double the lowest
conce.tration used, and to bring aminter-
mediate concentration to approximately 75%
of the upper limit of application of the
method. He then analyzes each of the spiked
sampies sevin timés. then calculates the
average of eadh set of seven results. ,To
cnlculate acciracy in terms of % recovery,*
he will also need to calculate the average of
the results he ~ 3t whén he analyzed the
unspiked sampi.s. Thes;

Lo .
- Avg. of Spiked )
Avg. of R Amt. of | X 100

) Unspiked Spike
Again, the individual's % recovery should be
better than the published figure derived from
the results cf several analysts.
P

C Of Daily Performance

Even after an analyst has demonstrated his
personal gkill in perrorming the analysis,

a daily check on pFecision and accuracy
should be done. About one in every ten
samples should be a duplichte to check
precision and about one in every ten samples
should be Spiked to check accuracy- -

it iB also beneficial to partic? pate ‘in inter-
laboratory.quality control programs.. The
U.S, EPA pravldes reference samples at

no charge to laboratories. These samples

3 8.5
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1

™

serve as independent checks on reagents.
instruments or techniques; for training
analysts or for comparative analyses within
the laboratory. There is no zertification

or other formal evaluative function reaulung
from their use.

SELECTION OF ANALYTICAL
PROCEDURES *

. Standard scurces(l. 2.3) will. for most

parameters. contain more than one analytical
procedure. Selection of the procedure to be
used in a specific instance involves conaider-
ation of the use to be made of-the data. In

some cases, one must use specified procedures. .

in others. one may be able to choose among
several methods.

A NPDES Permits and State Certifications

A specified analytical procedure must be
u:ed when a waste constituent is’' measured:

1 For an applicntion for a Natlonal Pollutant |

Discharge Elimination Systém (NPDES)
permit under Section 402 of the Federal
Water Pollution Control Act (FWPCA).

as amended.

2 For reports required to be submitted by
Jischargers under NPDES.,

3 For certifications issued by States
pursuant to Section 401 of tha FWPCA.
as amended. N
Analytical procedures to be'used in these
situations must conform to those specified
in Title 40, Chapter !, Part 136, of the
Code of Federal Regulations (CFR). The
listings in the CFR usually cite two different
procedures for a particular measurement.

The CFR also provides a system of

applying to EPA for permission to

use methods not cited in the CFR. D
Approval of alternative methods for
nationwide use will be published in

the Federal Register,

L «
4

B Ambient Water Quali.y Monitoring

For Ambient Water Quality Momtoring,
analytical procedures have not h~en
specified by regulations. How. - 1, the
selection of procedu.cs5 to be used stiould
receive attention. Use of those listed in
the CFR is strongly recommended, Jf
any of the data obtained is going to be vsed
in connection with NPDES permits. or mey
be used as evidence in a legal proceeulng.
use of procedures listed in the CFR is
again strongly recommended.

‘ C Drinking Water Monitoring

In December, 1875, National Interim
Primary Drinking Water Regulations

+> be effective June 24, 1877 were
publishied {:: the Federal Reglgter in
Title 40, Chapter 1, Subchapter D,
Part 141, The publication includes
sspecification of analytical, procedures
to be used >.hel determining compliance
with the r:eatnwum contaminant levels
of requirer purameters.

Because of the Jow concentrations in-
volved in the regulations. there is often
just one analytical method cited for .
each parameters . .

Individuals or organizations may apply

. to EPA for permission to use methods
not cited in the above. Approval of
alternative methods for nationwide uge
will be published in the Federal Register.

X1I FIELD KITS |

Field kita have been devised to pef!orm
analyses outaide of the laboratory. THe kit
may contain equipment and reagents for only,

one test or for a variety of measurements.

It may be purch d or put together by an
agency to serve ita particular needs.

Since such kits are devised for performing

tests-with minimum time and maximum
simplicity. the types of labware and reagents
employed usually differ significantly from the
equtpment and aupplies used to perform.the ‘
same meéasurement in a laboratory.
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.A Shortcomings

Field conditions do not acenmmodate the
equipment and servicet required for pre- .
treatments like distiilation anddigestion.

Nor st practical to carry and use calibrated
glt ware .ike burets and volumetric pipets.
Other problems are preparation. transport

- and storage of high quality reagents. of

extra supplies required to test for and remove
sample interferences before —akihg the
measurement. -and of instrunients which

are very sensitive In detecting pzrtlculnr
constituents. One just cannot cnrry and.

set, up laboratory facilities in the field which
are equivalent to stationary analytical
facilities. . .

B Uses

Even though the results of field tests are
usually not as accurate and precise as those
performed in the laboratory, such tests do
have a place in water quality programa.

.

. ln situations where only an estim te of the

concentrations of various constituents is
required. field tests serve well. They are
invaluable sources of information for
planning a fgl1-scal&sampling/testing
program w decuionl must be made

__ regarding locati'bh _of sampling sites.

" achedule of unmple collection. dilution of
samples required for analysis. and treat-
ment of samples required to remove inter-
“ferences to analyees.

C NPDES Permits and State Certification

Kit methods are not approved for obtaining
data required for NPDES permits or State
construction certifications. If one judges
that such a method is justifiable for these
purposes. he must apply to EPA for per-
miuion to use it. . .

.’

Drinking Water Monitoring :

The DPD test kit for residual chlorine is
approved in the December. 1975 Federal
Register for monitoring drinking water. °

-
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STATISTICS FOR CHEMISTS
‘ s

1. INTRODUCTION .

A Statistice muy be defined, foy our purpose,
as 8 collection of methoas which have been
developed for handling numerical data
pertaining to samoles or portions of entire
populations.

B The statistical methods with which we will
concern ourselves deal with the presentation
and analysis of numerical data from ample

Frequency table - a tabular arrange-
ment of data, ranked in ascending or
descending order of magnitude,
together with the co:-reapondhlg
frequenciea

Frequency histogram - a set of -
rectangles having bases on a horirontal

_axis with centers at the given scores

and heights equal to the curresponding

I FREQUENCY
A Defihmona ’ ‘
T Frequency indicates how many times

R a particular gcore occurs in a collection
of data

Figure 1

Frequency l-'!TEtognm & Frequency Polygon _

. freq fes (See Figure'1)

Frequency pplygon - a dine ;graph of
frequencies plotted ngalnat 8scores
(can be obtained by contiecting mid-
points of tops of rectangles in the
frequency histogram) (See Figure 1)
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K N

B Application i o ' n;x(mber of observations the median i
’ : ‘ o : Co nT-%n +1 0 ’
Consider the application of the above 2 2 y -
— definitions to the following se* of datey, ° .2 . the average of the
} obtained from twelve determinations for middle two scores, .
‘ chloride in‘ water, ' -
* ‘ : . 4 Mean - arithmetic average of all the
v . . values in the sample distribution, de-
. . Results (ug/l)- . noted by X, The formula for calcula-

ting the sample mean is

100 101 89
) . TaX1tXp+Xq. . . Xn
, 101 100, 100 : n
[ . n
89 "102.. 100 . ) Z X
98 101 - 102 ’ .. Talt
. . RE L =
) . ) M - [ 4
) ' Table 1 ) Xs= z—:’l where there are n aumber
v . el of values. .
Frequency Table . » . :
Chloride (ug/1) - Frequency B Aids in calculation of the mean
98 ] 1 . Application of the following two statements
Ehg 2 ‘ can reduce errors and amount of time
100 a * 4 spent in calculating the mean of a
- distribution, :
101 3 '
102 N 2 1 Adding or, subtracting a constant to or
from each.score in a distribution is.

’ equivalent to adding or subtracting the
same constant to or from the mean of
the distribution. Thus the following

., .
.

oI MEASURES OF CENTRAL TENDENCY formula: N
. P 4 - _ " ot
A Dgfinitions o ) ’ ) X.* X+ C  where the'X;'s are the
‘ . - - : tr ith X,
* + 1 Central tendency ;bthe'_t-.ndency of :;;uf:ei;‘(:}:g.‘: a::u;i:nv;vluesm;a&:(
values to cluster abouta particular . ! Erd
Valuain the distrifion | distribution with rhean X,
S v . . . . :
M p - 2 Multiplying or dividing each score in
‘Y . 2 :llade :lhat valu®whi g .occurg most a-distribution by a constant is equi:'alent .
, frequently . i . to multiplying or dividing the mean of
‘ - ¢ . s, the distribution by the same constant.
. 3 Median.- midpoint of an arer - of 1 s . :
i scores. If there is anodd: uber of ' .Thu_s the f:_)uowing formulas; * \
observations, n, the}{ne‘di‘a- .y (1) X, = CX
+1  where A +1  represents : .
.t 2 - 2 or . . .
. n+1 . . ° % N
the value in the frequency K (2) X, = é where the X,'s are the
diatributfcm. If there ig an even ‘ values 4n the distribution with mean X,

g‘. ' i ) , ‘ -
. A ‘ R ¥ , :

-
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& N .
. .o . N
r - .
nnd the CX's or the —1- 's %re the Denote the megan of the distribution in
Table 1byX . If we add 100 to cach .
) L81ues in the d;su-ihuzion with mean , Bcore’in the &strlbu_tion in Table 2," we
oo A . . obtain the scores in'the Matribution in
i t « Table 1; likewise if' we aud 100 to the
C Application - - T mean, X, of the d{slribuﬁon in Table 2,
we obtain the mean, xc, of the distri-
Consider the application of the above . bution in Tab}e 1.
definftions to the' previously mentioned _-
set of data,. obtained from twelve deter- .ThusX =X + 100
minations for chloride in water, shown . ¢, i
in Table 1. . ) X = X " 100 .
. b I ¢ n 3
1 Mode =100 X oy .
X'E + XE ‘1 - v ;(c . M- 2)+2( 1) 4'1;(0)*3(1)4'2(2) +100
2 Medtans L2 __ . Xg1X7 : :
106 +100 ) xc = .35: 100,= 100.25 !
2 ————— = 100 . . - .
2 R .
z ’ '
3, Mean = 24 . - *IV MEASURES OF D’SPERSION
98+ 2 (99) + 4 (100) + 3 (10 1342 (mz) " A Definttions
- . 12 . ® .
. - 160,25 ) o Yo N 'Diupers'fdn - spread or variability of
. v : T . observations in a distribution
4 Al ‘Ln Calculation L 2 Range - the difference between the
Consulting Table 1 and observing that highest value and the lowest value
the values are in the neighborhood of S
100 we might stbtract 100 from each R = miax - min
score and shtaifl the following distribution: ° - . e
3 Average deviation - the sum of the
. deviations of the values from their
ot . " . 1mean, without regard to sign, dividod »
Table 2 - _ by the total number of data values (n)
FreguBHCx Table .
B . The formula for \.alculaung the average
Chloride (ug/1) Frequency deviation is:
-2 1 - . N
. - z:lxI X ‘
-1 2 . n . '
+ 0 t 4
. " 3
. 2 2 "

(.4
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4 .Average deviation of the mean (D) =

the average deviation of individual,

data {tems from the mean (d) divided

by the square root of the number of

data items (n) ‘

Tile definition of the average deviation

of the meam can be expressed by the
_:2 , .

formula:
Pt

Variance - the sum of the squares of
the deviatizus of the values from their
mean divided by the total number of
data values (n) minus ! '

The deﬂnition of the varinnce can be

expressed by the following formula:
2 l:(x‘ - -’-(—)2

= n-1 -

Stardard devhtion - the square root
of the variance

=
The definition of the standard deviation

can be expressed by the followlng .
formula:

[

However, the formula commonly used
because of its adaptability.to the hand
calculator is the following:

—— B where there are
L nﬁmber of values.

Standard deviatign of the mean (S) - the
standard deviatikn of individual data .
items (s} divided by the square root of
the number of data {tems (n)

"N

-

The definition of the standard
deviation of the mean can be S——
expressed,by thé formula

S a o
Ja
. k]
Relative standard deviation - the
. standard deviation (8) expressed as
e fraction of the mean, _8

X

The relative standard deviation is
often expressed as a percent, It is'
then referred to as.the coefﬁcient .
of variation (V):

£ x100'= % 7
X .

S

The relative standard deviation is
particularly helpful when comparing
the precision of a number of deter-
minations on a given substange at

. different levels of concentration,

VvV =

B Aids in Calculation

. I
Application of the following statements
can reduce errors and amount 9! time
spent in calculating the variance or

‘standard deviation of a distribution.

. s,

1 Adding or subtracting a constant to or®
from each acore in a distribution
doesn’t affect the variance or standard
devhtion of the distribution.

'I‘ht}e the following formulas:

W s 2eg? .

(2) s,

where the X,'s are the values
the distribution with variance s

-

and standard deviation s, and the -

X + C's are the values in th
distribution with variance 8,
and standard deviation 8qe

ze
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2 Multi&lzi.u; or dividing each score in
a d.lstx':..u'.:on by a constant is equivalent
ultiplying or dividing the variance
ot hat distribution by the square of the

same constant.

Thus the f6llowing formulas:

. 2
. :2);‘6: s -21(\

~ where t'he Xi's are the values in
the dlstrlbuuori with varinnce 8 2,

/ and the. Q("s or the

the values in the d.lsth‘bution with

variance 8¢

i's are ,

. 3- Multiplying or dividing each scoré ina
diatribution by a constant is equivalent
to multiplying or dividing the standard

‘deviation of that' dJ.QIlbuuon by the

.Bame constant.

Thus the followlng formulas:

! (1) 8 =Cs
or ¢ s
(2) 8. "¢

where the Xi's are the values in

»

Py

> the distribution with standard

deviation
Xy

nd the CX's or tne

's are the values in the

Cc N
distribution with standard

deviation 8-

C Application

Consider the application of tha above
definitions to the previously mentioned
set of data, obtained from twelve
determinations for chloride in water,

sHown in Il B, Table 1.

1 Range = 102 -98 = 4

- k]

2 Average deviation - d = ﬁ!ﬁ—n— !
, - -
n X 1% - Xl niX{- X!
1 98 - 2.25 2,25
2 929 1.25 2.50
4 100 25 1,00
3 101 .75 2,25
2 102 1.7 3.50
X = 100. 25 11,50
LEXC X LL50 o
n . 12
3 Aver'age deviation of the mean -
. ..d
‘D s =
J
Using calculations from/nu.mber 2,
Ded=0.96%0.964 0 55
"z 3.46 e
ey J'ﬂ
. -'__. 2
4 Variance - 5%« x(:_l X)
' .
X XX X- %2 axi X)?
17 88 -2.25 5.06 5.06
2 99 -1.25 1.56 3.12
4 100 -.25 .06 24
3 101 4+#75 .56 1.68
2 102 +2.75 3.06 6.12
o , 16,22
- X)2
o2 x(x1 X2 1622 )
-1 11
3-5
a3
L

-

o
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5 Standard deviation - 8 =

‘

BT T T nx%
1 88 o8 9604 9804
‘2 99 198 . 9801 18602
4 100 400 10000 40000
3 101 303 10201 30603
2 102 204 10404 20808
" 1203 120617

11

8 Afd in calculation -

Recalling that adding or subtracting a
constant to each score in the distri-

. bution doesn't affect the variance or

. the standard deviatiod of the distribu-
tion we can simplify the computations
by first. subtracting 100 from each
score in the dis ution, thus obtain-
ing the frequency distribution show
in Taule 2, .o )

. r 4 ' - .
‘ n X1°C nX;-C) X1-CP°  nx;-cP?
1 -2 .2 4
2 -1 -2
; .
3
2

-

b o= O = o»

2
0
3

s

~
w b w o

17,

O
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- 120617 - 120801

Frequencg.r

»

(3)
1 L3 :
2 18.25
. -+ B2 e

i .
) 2 )

EX -EX) . A s a2

—_—

L :

n -1 L.

7 Standard deviation of the mean ~ #
> 8

S8 —

i

Using calculations from number 8,

s o 1.22° 122

Sefas = 22 20,35

Foam %

8 Relative standargd deviation expressed
as a percent (gbefficient of variatipn) -

ve=L x100

X, 1N

v

. L 4
Using calculations from number § for"
8 = 1,22 and from number 2 for,

X » 100, 25, '

8 1,22 ’
v-; * Too.zp X 100 1.21%

»

Figure 2
Normal Distribution Curve
2.

S
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. nN
i

INTRODUCTION TO NORMAL
DISTRIBUTION CURVE

Statistics deals with theoretical curves

which are smocther than frequency
polygons, obtained from experiments in
real life., However, frequency distribu-
tions or frequency polygons of éx;,)erimental
data often approxXimate a mathematical
function called theé "normal" distribution
curve. (See Figure 2)

Comp:. son-of Normal Curve and Frequen iy Polygon . I

Statistics for Chemists’

-

Ag shown in Figure 3, the frequency pol,ygo(
for the 12 determinations for chloride in
water is-a fairly good approximation of the
normal curve, If, however, in the chloride
determinations we had.obtained 103 instead

of 98 and 104 instead of 99 this distribution
would not have been a good approximation of
the normal curve, as is shown in Figure 4.’

Figure 3 5 *

e

4 - ) L T
97 . 98 99 100 101 ‘102
' Chloride pg/1
) Figure 4 -
Compatison of Normal Curve and' Frequency Polygon- . . =
. .

-
']

w
'l

-
' |

.
- .

[
yi
n T ™ ™ Y 14 4 |
29 - 100 101 102 - 103 104
* +« Chloride ,g/1 »
p . 3=7
S -
N . L . A
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Statistics for Chemists .
. ’ Ay

B If a frequency distribution’is a good Figure 5 shows the normal distribution
approximation of the normal curve, we in texms of the ulation mean u, and
can use some facts about the riormal ©  the standard deviation of the population
curve to give us information about the g, and gives the percent of area under
frequency digtribution. the curve<between certain ppints.

)
Figure 5
. Normal Distribution Curve
. \ .
. : e’ 68% -—’ \

s 95%

- - 9! "

20— e T~
W =30 w-20 . u-lt u\ u+le ' u +20 u+30, "
. i}
Figure 6
"
‘ Frequency Distribution Polygon
4
1 ’ . '*\\
1
fy S\
3 - ,’ 1 \
» / | ~ .
?) /- : his
. T S RN
» ’I I 1 \
! - el T N
’ ] 1 - P\
-
’, 1307. \‘ '
T .28 ¥ .15 X ¥V +lg ¥ +28 ¢
. ° 88 i) 100 101 102
Chloride ug/l
3-8 < i .
- ’ D Ja® *
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We may check the distribution of sample
data to see {f it {8 a "normal” distribution
in the following manner. Substitute the
value of the sample mean (X) for the value
of the midline and substitute the value of
the sample standard deviation {s) for the
limits of the value spans where we might
expect certain percentages of the data
items to occur. Then we can check the
number of data items which actually do
ozcur within these value spans.

.
Figure 6 demonstrates this application
using the chloride data values from Table 1.
The data values are marked on the hori-
zontal line and the frequencjl.of&ée
occurrence of each velue i6 marRéd on the
vertical. The midline of the distribution

18 marked at the value of the sample mean
(X = 100, See I C 3), The value of the
sample standard deviation (s = 1,21, See
IV C 5) is used to mark value areas under
the curve where different percentages of
data values will probably occur. Thus,

for the area X +18, X - 18 » 98.79 and
X+1les = 101,21, Therefore, acenrding
to the normal distribution curve shown in
Figure 5, we might expect about 88% of tha
data {tems to have values between 99 and
101. (The values are rounded to whole
numbers since the data values agre thus

.recorded). '

Consulting Table 1, we find that 75% qr 8
of the 12 data items have values in this
range. This percentage 18 shown in
Figure 8 by the frequency polygon for the
data shown earligr in Figure 3,

‘Likewis¢ assuming a normal distribution,

we would expect 85% of the observations
to lie within +2¢ 's from the population
mean. Infact, 100% of the observations
were within + 2 g's from the sample mean.

In both cases the obser\’td percentages are
reasonably close to the expected percentages,
Other tests exist for determining whether

or not & frequency distribution might
reasonably be agsumed to approximate

the normal distribution,

2 Statistics for €hemists

R would be good to become as familiar as
ppgsible with the normal distribution since
an underlying normal distribution is
assumed for many statistical tes.s of
hypothesis. ’
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ACCURACY-PRECISION-ERROR

1 INTROQRUCTION

An analytical method is subjec’ to errors.
These errors may affect the accuracy of the
method because they infroduce bias into the
results. There are other types of errors
which atfect the precision of the method"
because they produce random fluctuations in

« the.data. The most desifable situation for

the analyst is ghown in the diagram in

Figure 1 where the results are both precise

and accurate, .
o k

a

‘ACCURATE BUT IMPRECISE

®

T PRECISE AND ACCURATE

A

Figure 1. PRECISION AND ACCURACY

CH. MET. con. 1d.11.77

A Accuracy

For results to be accurate, the analysis
used must give values cloge to the true
value.(See Figure 1)

‘B Precision

Precision is the'degree of agreement
among results obtained by repeated
measurements on & single sample under
a given set of conditions. It 15 a meaéure
of the degree to which results check
(See Figure 1)

’ C Note .

It is possible to have precision without
accuracy. (See Figure 1)}

I DETERMINATE ERROR AND ACCURACY

A doterminate error is one which con-

vtribates a constant error or bias to results,
causing them to be inaccurate. This .
constant error makes it possible for redults
to agree with each other (be precise) and
still be {naccurate.( See Figure 1) .

Determinate errors have "assignable”
causes which can usually beidentified and
either eliminated or controlled. (The terms
"determinnte" error, "assignable" error,
and "gystematic” error are synonymous).

A Sources of Determinate Error
1 Method error

Method errors are those that are
inherent in the,procedure. Thege are
very serious and the hardest to detect
and correct. The most common
method error is the presence of inter-
ferences in the sample. Other
examples would be precipitation of
subBtances other than thé desired
.material, partial solubility of pre-
ipitat and entrai asina
. solvent extraction procedure.

4=-1
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2 Personal errors

Personal errors are attributable to
individual mistakes which are con-
sistently made by an analyst. These
errors are the result of consistent
carelessness, lack of knowledge or M
persanal bias. Examples are errors
in‘calculations, use of contaminated
reagents, non-representative sampling,
or pbor calibration of s!andards and
instruments R

3 Instrumeptal errors
Instrumental errors are those which

are caused by an analytical instrument
or by the effects of the environment \

acting on the instrument. Moisture in a B

G.C. column, improper wavelength .
marsx...;3 on & spectrophotometer or, -
incorrect scoring on a buret would be
examples.

B Effects of Determinate Erz_ox; ' .

"1 Additive

An additive determinate error.is one
which has a constant value regardless’of
the amount of analytically sought con-
stituent preseunt in the sample.

(See Figure2)

)

" Propertional

A proportional determinate error
changes value according to the amount
of analytically sought constituent in the
‘sample '(See Figure 3) .

II DETECTION OF DETERMINATE ERROR
A Spiked Sarﬂples

l Samples which can be determlned before
and after the addition of a known con-
stituent ( in the concentration range of

terest) provide a way to detect
determinate errors. Spiked samples
should be repr tative and r ble
‘actual conditions ae closely as posaible.
The quantitation of bias can then be
.obtained with the following measures,

3 Mean error - the difference between
<the mean of the data and the true
result.

b Relative error - the mean error of
a set of data expressed as a per-
centage of the true result.

EXAMPLE: An analyst determines
the nitrate content of the effluent
from his sewage treatment plant to be
" 0.50 mg/1. He then adds ) mg/1 of

standard nitrate solution to the
sample. -Table 1 shows the replicate
results obtained og the spiked

i sample, and calcdhition of both

. mean and relative errors.

Table 1

Sample: ‘Effluent -
Determina:ion: Nitrate (Modified Brucine)

Xi
.
1.35 1.56 ,
1.47 1.59
1.49 1.60
) 1.55 .

1 Calculation of mean error

X = @ = 1.51 mg/l

* . MeanError = 1,51-1.50
+0.01 mg/}
2 Calculation ol relative error

+0.01 X100

‘%‘l_!elative Error - T.50

"+0.7

2 ‘Control charts

Trenfls and shifts on control charts
may algo indicate determinant error.
Using spiked samples, the standard
deviat{on i{s calculated and control
limits (usualb' + 3 gtandard devirtions)
for the nnalysis are set (see Figure 4.
For further discussion of control pmits
see reference 3, p. 62, \

23
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ANALYTICAL VALUE

v

| i |

1 2 3
- THEORETICAL VALUE

Figure 2. ADDITIVE ERROR

4

VALUE
w

N

ANALYTICAL

1 2 3 4
THEORETICAL VALUE
Figure 3. PROPORTIONAL ERROR
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-
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Figure 4. CONTROL CHART
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In some cases, it is impossible to
spike a sample sa that it resembles
actual conditions (e.g., BOD and
pesticide samples). ' Youden an
provides excellent techniques for
detecting bias in this situation.

B Unknown Samples

1

Independent rﬂethod

Analysis of a sample for a desired
constituent by two or more methods
that are egtirely different in principle
(gravimetric and volumetric) may aid
in the estimation of determinate error.
However, ther reliable method may
not be available or may be laborious to

perform. ¢

Control charts

It is possible to plot a control chart
(Figure 4) even when it is not possible
to spike a sample. One can use as a
reférence value an average of a series
of replicate determinations performed
ona posite check ple. Sicha
sample must be preserved or stabilized
in such a way that the conc—ntration

of the constituent being measured will
not change from day to day (see
reference 1).

Alquoting

If the determinate error is additive,
the magnitude may be estimated by
plotting the measured quantity versus
a range of sample volumes or sample *
welghts. [If the error has a constant
va)-ue reprdleu of the amount of
sought constituent, then
a stralght }'Lne fitted to the points will

not go through the origin. (See Figure 5)

C  Youden's Graphical Technigue (10, 11, 12)

Dr. W.J. Youden has devised an
approach to test for determinant errors
with a minimum of effort on the part

of the analyst and his laboratory.
Samples used may be of known (spiked)
or unknown composition.

4-4

'

(%}

Ll

Technique

4 .
Two c.iferent test samples (X and Y)
are prepared and distributed for
analysis to as many individuals or
laboratories as possitle. Each
participant is asked to perform
only one determination on each
sample (NQTE: It is important
that the samples be relatively
similar in concentration of the
constituent being measured).
Table 2 shows the results on two’
such samples analyzed for percent
potassium by 14 different laboratorics.
The mean for each sample has been )
calculated. -~

Interpretation - Figure 6

The vertical line drawn on the
graph represents the mean (X)

of all the results obtained on
Sample X; the horizontal line was
drawn through the mean (Y) of all
the results obtained on sample Y.
Each pair of laboratory results
can then be plotted as a point on
the zrﬁph (marked X, 1 ete. ) .
¥ the ratio of the bias (error) to
standard deviation is close to zero
for the determinations submitted
by the participants, then one would
expect the distribution of the paired
values (or points) to be close to
equal among the four quadrants.
The fact that the majority of the
points fall in the (+,+) and (-, -)"
quadrants indicates that the: results
have been influenced by som: source
of bias or determinate error.

Furthermore, one can even learn
something about a participant's
precision from the graph. If all
parucipants had perfect precision
(no' indeterminate error), then all
the paired points would fall on a
450 line passing through the origin.
tly the .dist from such
a 450 nne of each participant's
point provides an indication pf that
participant's precision.

~
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3. Examples of Youden two-sample
- charts are in the Appendix (p4-13).
. . Table 2

4. A quantitative treatment of this .

subject can be found in references Laboratory Sample X Sample Y

' ‘11 and 12, 1 9.74% 8.50%
z 9,92 8.28
) 3 9.98 - 8.84
. 4 9.99 8.24
0~ ’ .
g . 5 10,00 ’ 8.13
- ]
. £ o 6 10.11 8.54
P 7 10.12 8.64
.
= 8 10,14 8.82
. z e
< 9 10,18 . 9,04
[ .o 10 10,23 8.93
§ 1 10,25 8.97
. 2 12 10,29 8.80
< 13 10,55 9.21
, . z . 14 10.62 8.95
1 2 3 -4 . : -
SAMPLE VOLUME (m! s - -
-~ ! . X=10.15 Y=8.75
Figure 5 .
EJ N
9.40
, b
9.20 - _ X
, 13
.
9.00 — ’& [
' . xx -~ K
= — ho 4
0.00 g Y i X
~ f 2 .
8.60 = - 3
X
X
. 1 ¢ ,
‘ 8.40 o+
i
8.20 : A X4
' SAMPLE X (%K) . -,
8.00 1

9.00 9.20 “9.40 9.60‘ %.0qQ 10.00 Im_ 1040 10.60 1080 No00. .
Figure 6. YOUDEN'S GRAPHICAL TECHNIQUE '
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IV * ELIMINATION OF DETERMINATE

ERROR

Various approaches can be’used to eliminate .
» the source of determinate error. The -
approach used depends upon whether the .
source is personal, method, or instrumental,

A Personal

Great care must be used to avoid producing
an unconfident attitude in a technician. It

is undesirable for the analyst to feel he is *.

being "policed. "

B Method and Instrumental

1 Blanks

- Blanks can be used to correct for
interferences from reagents, sample
_color, etc.

2 Correction factors

Examples of correction factors used
in environmental analyses to eliminate
determhatg érrors are the following:

a Recovery factors in orgariic
extractions

b Chemical yleld values in gravimetric
analyses

¢ Counting efficiencies for radiation
counters . .

3 Standard addition .

' Zample interferences producing deter-
minate errors can be overcome by
adding equal amounts of unknown
sample to a series of standards. The
concentration of the unknown can then '
be determined graphically from a plot
.0f the measured quantity (absorption,
emission, etc.) versus the standard
concentration, (See Figure 7)-

\

[
°

Figure .7. MITTHOD OF STANDA RD
"ADDITION GRAPHICAL METHOL OF
COMPUTING Sr CONCENTRATK. \

E 90

a

z

£ 7ok

z L4

z

o 50—

a

@

£ 30

rd

o
,-—x——o_,»o RIS *‘.o
. £+«

**CONC (mg /1)

. o
NOTE: The X value appearing along the
-, abscissa (i, e., X + 20, X » 40, etc.) re-
. fers to the unknown ndded to the strontium
" atandard
. H4

4 Standfrd eo.mpensution

. Another approach is to prepare the
€ ﬁd 80 that its composition
res les that of the sample as
closely as possible. The objective
of the approach i{s exactly the same
as that of standard addition - to
compensate for-the presence of

interfering subst in the unk

V INDETERMINATE ERROR AND
PRECISION

Even when all determinate errors are
eliminated, every replicate analysis will
not give the same value, Such variation
in results is due to indeterminate error,
also known as random, chance or .
uncontrollable error. Indeterminate

error affects the precision or lgreement'

umong results/
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A Sources of Indetenni.nab_e Error

Indeterminate errors-are due to
unassignable or "chance causes."
Examples are inadvertent contamination
of sample or glassware, variation in
reagent additions, or variations in
instrument response (see Figure 8). .

B Effects of Indeterminate Error
Singe the causes of these errors are
random, the effects are also random.
Fortunately, .these random variations
conform to the "Laws of Chance' s -
statistical measures of precision can be
used to quantitateé indeterminate errors.

V1 DETECTION OF INDETERMINATE

ERROR

A measure of the degree of agreement among
results can be’obtained by analyzing a single
sample repeatedly under a given set of
conditions. 3

A Range

The range of the rgplicate results
(difference.between the lowest and the
highest value) provides a measure of
indeterminate variations.

’

B Standard Deviation

An estimition of indeterminate error can -
be obtained through a calculation of the
standard deviation. The following formulas
should be applied to random data which
follows a normal distribution. Normality
can be checked by ranking and plotting the
data on normal probability paper; it should
fall on a straight line (see Figure 8). Any
values which do not fall close to the straight

[9]

3

line (ése values encircléd) should be
rejectet in the calculation of standard
deviation. Other-statistical tests (8)
can be used to_objectively evaluate the
rejection of outllers. The value obtained

' for standard deviation for a particular
method may vary with the analyst, the

‘ concentration range of e constituent,
and the position of the pl
analyzed. The confidence of the - f
estimate is increased as tHe number of
resuitd (n} used to compute the standard
deviation is increased.

1 Replicate results on the same sainple:
° o2

"

X = value of single result
X

= average (mean) of results on
3ame sample

n = npumber of resulis
"Example: Table 3 contains a get of 5-day

BOD results obtained on a synthetic
sample containing 150 mg/1 of glucose

" and 150 mg/1 glutamic acid. (Note: A i%

- dilution was uged in the actual test). The
results are those submitted by laboratories
participating in a colaborative study.
Calculate the standard deviation of these
resulfs. *

X = 182 mg/1
n =_36.0

£, - X = 58,200

s = [28.200 ?
35 »
s = 41 mg/l
' v
4
. 4-7
2
J
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BECKMAN B (550 myd
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” AN .
- or=
N : Table 3
: ‘.
SAMPLE: 15¢ mg/l glucase + 150 mg /1 glutamic arid (1% dilution)
* DETERMINATION. S5-day Biochemical Oxygea Demana .
L 3
) x X -% x, -%? X - x-%  (x-%°
3 - t B 4 -~ 1 i i
100 mg/1  -92mg/l 8464 (mg/D® 198 mgil 6 mgll 36 (mg/ 1Y’
.o -7 5625 198 7 4 .
. 125 -67 488 - 200 8 R YR §
132 -60 3600 200 8 64 .
142 -50 2500 204 12 144
147 -45 2028 210 18 326
153 -3 1521 211 19 361
. 160 -32 1024 212 20 400
16 - -27 © 729 215 23 . 529
. Lo -
165 -27 729" 3 31 961
167 -25 625 — 24 2 - 1024
- 173 -1 ; 361 . 227 35 1225
178 -4, 196 - 229 37 - 1369
89 -3 .8 38 46 2116
‘180 -2 4 247 55 3025 .
196 4 /16 250 58 3744
. 196 4 16 259 67 4489
- . 197 5 25 274 82 6724
*Data taken from Water, Oxygen Demand Regort (July, 19601, Analylical Refarrnce
Service, Traiming Program, R.A. Tafi Sanitary Enminrening Center, Cincinnaty, Olio
Table 4 * CONCENTRATION
SAMPLE: . ' Aqueous . RANGE: 30 - 30 mg/\
. DZTERMINATION: Phosphate (Lucerna, Ccrde, and Prat Method)
Samble mghip a4 sampte Mgh P d & ;
A $1 2 4 L (1% 2 4
- 53 56
. B -+ 3 [ 0 M 38 1 1
39 K1
. c $3 1 1 . N s2 0 0
54 LH '
D 47 [} o ] 58 , 0 [}
’ 4 53 .
E 50 1 1 ‘P 54 [ [}
s1 - 54
? F n 1 1 54 o °
47 54
. G 50° [} [} R 48 [} [}
50 . 48
. H 47 o XL o 52 1 1 ‘
- \ a7 51
N 1 42 [} [} T 83 [} [} >
42 53
J $0 R 1 U 46 1 1,
* 51 47
K 50 1 1 v 42 0 0
‘» . 60 : 42
*Data ‘obtained from Frank Schickner, Eroctor and Glmhln'Complny.
3 ~
. J . 9
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2 Duplicate results t'm different gamples

In a Jaboratory where duplicates are
routinely. run, it would be simple to

use the following formula for evaluation

of standard deviation.

o ’ E(dz) (See reference 5, ’
2k page 654) (2)

d = difference between duplfcates
k *= pumber of samples

Example: Table 4 contains a set of
phosphate results obtained on aqueous
samy e range 100-200 mg/l.
Calculate the standard deviation of these
résults. ' -0

s = 18

k = 22 .
s = \%,

8 = .61 mgll

3 Duplicate and triplicate results on ,
differ'ent samples

Z(X, - B (See reference 7,
i page 73) (3)

X- average of results on the

* samc saniple ‘
n = total number of results
k = number of different samples
Example: . Table 5 contains a set of %
nitrogen resuits obtained on unknown
organic compounds.

Calculate the standard deviation.

2

Z(x, =X = 240
/n -~k =22
) 240i
22
8 = ,104%
<

4 Use of range to estimate standard

deviation Y

For a small number of replicates

{n < 10). the range can be used to
estimate the standard deviation (See
Table 6).

—— = g {4)

Example: Table7 contains a set of
replicate nitrate results. Calculate
the standard deviation of these results.
+ a Use of formula (1)
X = 0.72 mgll

ns=35

=x -%)% = o134«

5= I.mu
4 A
s = ,058 mg/l

b Use of formula (4)

% = .14 mg/l

dN = 2,33

s = 214 mg/1
2,33

s = .060 mg/l

Coefficient of Varlation

An estimation of ind 1 error
can also be made by calculating the -
coefficient of variation.,

v =2x100
S TR .

‘

By comparing the standard deviation
(dispersion) to the average or mean
value {central tendency) in a set of data -
and expressing this relative standard
deviation as a percentage, the analyst
has a meaningful interpretation of the
degree of dispersion present, Indeter-

35 L
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SAMPLE:

Uukanwe Orzanic Corip

Table 5*

DETERMINATION: % Nitroge: (Ijeldanl)

Xl

RANGE:

CONCENTRATION
10 -20%

. 2 —
samole %N X ox-% X -9 Isample 2 x-X x-%° <
A 16.48 16.47 .01 .0041 J 13.63 13,75 .18 Lbazg °
. 16.43 .01 L0001 i3.56 Sy L0361 - ot
B %.% 16,50 0 0 K .34 10.27. .07  .0048 ° o
© 36,48 .01 . .noot 10; 18 .98 ,0064
8 16.72 16,65 .07 . 0045 L 1716 17.15+ ,01 000!
16.57. .08 . 0064 17.13 .02 ,0004.
. ’ .
-, D 17.52 . 17.38 .08 .0036 M 15.01 15,03 .02 0004 .
17.60 .. - .02 .0004 ‘ 15.05 -.02 . .0004
17.63 .05 .0025 .
E 16,31 16.31 0 0 N 12.4¢ 12,62 .18 L0334 .
16530 .05 .0901 12,70 .08 0064
N . ’ 12.73 11 L0121
' F, 16,40 16,35 .05 .0025 © 0 14.37 14,37 0 o
16,2 to4 .0016 14. 38 .03 .0001 .
16.35 0 0 : '
P 11,85  11.85 [} 0 -
17.56 17055 .01 .0001 : 11.85 [ [}
. 17,54 .01 .ooo1 . Q 14,78 14.73 .06 . .0036
14.96 14,81 .15 .0225 14.70 .03 .+ 0008
14.66 .15 .0225 14,70 .03 o008
' - R, 17,18 7.7 .C2 0004
1 19.15 18,02 .13 L0168 17,14 .03 .0008
18, 8¢ .13 .0168 ¢
*Data obtained from F rauk Schickner, Proctor and Gamble Company. .
¢ -
Table 6%
FACTORS USED TO ESTIMATE THE STANDARD * Table7 l
DEVIATION FROM RANGE v |
L SAMPLE: Onhio River Water )
Size . dN &N - '
of Sample (n) . DETERMINATION: Nitrate (Modified Brucine) .
2 1.13 . 8 . .
- 3 1.60 .501 xl xl-)—(- (xl-)-()I ‘
4 2.08 .A8S ! |
5 2.3 .430 0.85 mg/IN «0.07 0040 }
, [ 2.53 - L3958 o0.88 -0.04 L0016 |
H 2.70 .370 0.70 -6.02 . 0004 E .
[ 2.65 -381 0.76 +0.04 .0016 |
[ 2.97 .337 0.79 +0.07 0048
10 3.08 +325
. ’
(] .
*Natrells. Experimental Suthll:‘..’pp- 2-6. -
A
Iy
1
-
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Acc_uucy-?reéiaion-!-:rror v

~
minzite error- wouldbe -the cause of undue
dispersion.

Example: Tabls 3 - . 4
~ .
= $lmg/l

192 mg/1

41 .
1oz X 100

= 21%

e .
D An indication of an individual’s analytical
precision can be obtained by his partic-
_ ipation in an interlaboratory study. In
, this case, the analyst performs only -
. one determination orf each of two samples.
Ulinz Youden's Graphical Technique as
an indication of .an individual's precision
was discussed previously in this outline
in OI C. Also see the outline on "“Inter-
“laboratory Quality Control Studies. "

L))

‘ 1
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Accuracy-Precision-Error

PPENDIX.
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:“ .
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] S ¢ . o . J
] ‘ .
; - o 3.0 . -
& SAMPLE 3. \ . . : -
M) 3 4 5 200 . ., [SAMPLES -
, 2.0 30 4.0 5.0 6.0 1.0
'":i T T T g T T T 'gq ' o LA ] n L T L
|: L 4 7 F KiELranL KITROGEN, :; N/UITER, POOR PRECISION, ]
AMMONIA KITROGEN, mg K/LITER, LINITED ACCYRACY FROM: METHOD STURY. 2, NUTRIENT ARACYSES.
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[ B M 42 K 18, 0.2 «04 .28 -.52 18 1.00
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ELEMENTS OF A QUALITY ASSURANCE PROGRAM

I’ WATER QUALITY DATA P Documentation System .
A Importance . 1 C lete and per t records must
.. be kept by all field and laboratory
1 Criteria for decisions . . personnel.
a Planning 2 Any procedures undertaken as quality
. ’ -checks should also be recorded, dated
b Permit issuance T " and signad.
. . Vs .
¢ Compliance 3 The results of any quality checks should
. : . be recorded, dated and signed.
d Enforcement - . s
. B ° .4 Any checks Yy outside service personnel
e Evaluation of treatment processes - should be recorded. dated. and signed.
f Research decisions : E QualityvAssunnce Control Coordinator{2}
© 2 Effects of decisions- " . 1 Overall responsibility for program: el
* development, iniplementation, administration” -:
a Social N o .
. 2 Continuing assessment of level of operations’
b Legal . y ’ . . .
.. . 3 Identification of training needs and provi-. *
c_ Economic - sion to accomplish -
B Re_qulrementsl for Reliability . 4 Coc;rdinnpr for inter-laboratory quality

control’ programs
1 Specificity . . i

. 2 Accuracy . . ! 1T SAMPLE
. <)
3 Precision A Validity(3. 4, 5.'6) .
C Elements of Quality Assurance(!) A_ ' 1 Representative P
1 Valid sample’ = 2 Properly collected
2 Recognized methodology 3 Clean. appropriate containers

3 Control of services, instruments. . 4 Approved preservation measures
equipment and supplies

Analytical checks on containers and

' 5
4 "'Quality analytical performance [ preservatives ‘ :
5 Efficient data handling and reporting” ‘6 Holdin'x\llmeg observed
e . . 4 R .
l\ . -
. i3
. CH.MET.con.8.11.77 . : . ) 4 J s 5-1
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. "
—u 3 Appropriate transport to laboratory

n

Elements.of a Quality Assurance .Progrnm

‘B Integrity!% 7

l Written procedures for all nspecmu
of sample handung

2 Field labels, ,records. seal
.
4 Logg ng in system

S Apptopriate storage conditions and
" holding time

6 System for distribution for analysis

-7 Syutem for storage.or discard

8 ISystem for chain-of-custody documen-
tation

I' RECOGNIZED METHODCLOGY,

.A Need for Standardization

1 Within one laboratdry
2 - Between cooper; g lnborélories
3 L{s'ers of common data bank

I3

4 Nation-wide requirements ..

..B Cr'(ﬁ:ria for Selection(6)

-1 Specmcuy with nccurncy nnd
N precis(on .

2 Validity ‘established by surﬂcient
use and-evaluation

<&
3 Equipment and skill requh-ements
normally nvnﬂnble

4 Time requh-ement reasonable

" C Sources

<

1 Annual Book of ASTM smndnrds”)

2 Shndnrd Methods for the Examination
> of Water, nn’d Wntewnter(s)

D-

E

3 Methods for Chemicnl Analysﬂs of Water
and Wastes (8)

4 U.S. Geologicnl Survey :I'echmques of
Water Resources Inventory!'

5 Others '

Commonly-~Used Types(s)

1 various sample treatments (filtration,
digestion, etc,)

2 Electrode~-meters
3 General analytical methods ~
a Volumetric nnnlys}s '
b Gravimetric pvrocedures
¢ Combustion
24 Photometriz methods .
a Atomic nbs;arpu;n
b Flame emission ' .
< Colorimetry.
5 Gas chromatt:grnphy
Seiection on B'asisl_ol Use of Data
1 'Compliance monn.oring
a National Pollutant Discharge
Elimination System and State
Certifications(10
"1) Use of alternate procedures

2) Procedures for non-listed *
pnmmeters

b National lnlerim Primary Drinking water
Regulntions th

1) Use of alternate procedures

2) Procedures-{or non~listed
parameters

41
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2 Srate monito:ing progr'nms(n) -
a Fixed station ambient monitoring
b Intensive survey programs
3 Local regulations N
4 Pre-survey field investigations .
Ce
5 Control of treatment procgsses

F - Using Recognized Procedures

1 Written step-by-step laborato
manaals

2 Strict adherence to reference s

3 Record of modu;cnttona and why
G Field Kits

1 Sh”ortcominga‘

2 Uses

-
o

IV CONTROL OF SERVICES, IN?SRUMBNTS.

EQUIPMENT AND SUPPLIES

A Services . - 7

1 Distilled water
a Ammonia-free . - /
b’ Carbon dloxlde-frée.
c Ilon-free

d Low organic background

2 Compressed air

“ .a Dry
b Oll~free

¢ No contaminants
-

Elements of a Quality Assurance Program

i}
3 _Elect rical service

a Adequate voltage

b Constant ‘;oltnge N
¢ Appropriate grounding

d’ Efficient Ughting, ‘ .

B lnstruments >

Applicable to laboratory snd field instfuments;

and, as possible. fixed continuous monitoring
devices,

1 Written requirements for dally warm up,
standardization, calibration: and/or
optimization procedures. -

2 Standards available to perform daily check
procedures.. Some examples: -

. ' .

a Standardized weights

b Certified thermometer

.

¢ Fillter (or solution) for wavelength
alignment check ’

Standard reference materials With
standardabsorption curves
e Stanaaneslalor

£° Calibration solutions (buffers, con~
_ ductivity ar turbidity standards)

g Parameter standards to establish or
to check calibration curves .

h, Radioactive standards with date
and count

‘
% Written trouble-shooting procedures
L
4

-4 Schedule for required replacement or

cleaning procedures

5 Schedule for check and/or 'aéljuatments .
by service personnel
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.8

Elements of a Quality Assurance Program
. >

C Laboratory Eqﬁipment
1 Great variecty

a Of materials (glass. plastie,
porcelain, etc.)

b Of grades °

¢ Of accuracy in calibration

d Of specific properties
e Of unique construction

2 Selection depends on function
a Measurement and delivery of
volumes require varying ,
degrees of accuracy.

b St rage of reagents and solutions
necessi ition id
. ations guch as:

1) Polyethylene bottles for solu-
tions of boron, silica and
alkali ) \

2) Glass contain¢rs for organics

d 3) Brown glass for light-gensitive’
solutions
¢ Confinement of reactiops may
present special requirements
such as:

1) Ground &lnss joints
2} Teflon plugs

3)/Special resistance to thermal

pagvious to digestion
ditions ° J .

d Vglumetric analyses invqlve:.

1) Very accurately calibrated
glasswale.

- 4 2) Consideration of the tefnperatuare
at which the apparatus was -
calibrated b

5-4 Co -

3

~

e Other laboratory operations like
filtration. lon exchange. absorption

and extractions may require specialized -

construction like fritted ware which nas
preasure and thermal shock limits.

Cleaning procedures

a Basis of selection

1) Appropriate for the composiuon'
material '

2) Appropriate for materials to i:e
removed '

3) Approptiate for aubsequeht use ~
(Avoid introducing contaminants)

b Definite program

1) Standardized, consistent,
mandatory

2) Analytical checks on effectiveness

D Lnborntor?' Supplies -~ Reagents, Solvents
and Gases! ! i

1

Required purity d.epends on:
a What i8 measured

b Sensitivity of method '

c Specificity of detection system

General guides

If purity fs not specified-in the method.
some_general guides are:

a General inorganic analyses

1) Analytical reagent (AR} grade
chemicals. except.use primary
standard grade for standardizing
solutions.

- : .
2) Distilled water and solvents free
of constituent

3) Commercial grade gnsés '

43
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‘Elements of a Quality Assurance Program

i e
b Metals ﬁ;lyses by flame - ' d

1) Spectroquality chernicals for
standards e

Spect‘roqunlity recommended
for other reagents and solvents, T - f
though analytical reagent grade

may be patisfactory. . g

3) Acids should be distilled in
glass. : . h

4) Deionired distilfed water -

Observe appropriate siornge.
requirements,

Check assay for possible '
interferences.

Run reagent and solvent blanks,

As lppliéible. check background
of reagents and solvents.

Run method blinks (alFPreagents
and solvents) with every series

" * of samples or one for every

nine samples.

5) Commercial grade or llborany- o
supplied gns!s e i Definite procedures for limits \
. - of error, clean-up procedures
¢ Radiological analyses ’ or application of correction
. . . . factors ~
1) Scintillation grade reagents and
solvents j Replace gas cylinders at
. 100-200 psi. . . ‘
+'2) High purity, extra dry gases . : -
with low radioactive background 4 Procedurei[ur removing impurities
d Organic analyses . ’ a Recrystallization
1) Reference grade when available, b Precipitation .
AR at minimum : ~ .
¢ Distillation

2) For gas chrorhatography (GC),
" various detectors require absence d
of certain classes of compounds,
and may necessitate treatment
of chemicals. e
.t
Pesticide quality solvents * f
- For GC, check assay,

3

4) Type of detector affects gas
. quality required. Molecular- a
' sieve carrier-gas filters and

drying tubes are required on

combustion gases. . .

3 Program for assuring quality

»

a Written purity requirements
according to 'methods utilized

b Date all on receipt.

¢ Qbaerve shelf life recommendations,
Discard date on container

44

1

Washing with solvent(s) used in
analysis

Agingv(gnses)

Others

5 Reagent and standard solutions

Preparation

1) Use of primary standard grade

chemicals as required
2), Careful weighing
3) Clnu. A volumetric glassware

4) Appropriate quality distilled
water or solvent

5) Label listing compound(s),
concentration, date of pre~
paration or discard, preparer

6) Very dilute standards prepared
at time of use
: . 5-5
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Eléments of a Quality Assurance Program

b Standardization as 'npproprlnté._ “ 5 Knowledge‘ble and skilled in performing
. . the analyses for which responsible

1) Use retiable primary standards, .
8 Precision and nccul"ncy performance
2). Restandardize as requl‘red by . accéptable

stability. ’ : .
. B -Establishing’Analyst Precision
¢ Purchased solutions ' e '
Applicable excopt for gas: chromato-

1) Should contain*che‘mlcnls - graphy and radiological instrumentation.
- specified by method " . C.
1 Seven replicates of four samples -
2) Should be checked for covering the concentration range
¢ ageuracy . of applicability for analysis
“ . ; ' .
- d Storage Lo ) . 2 Test among routine samples over
. two hours or more in nornfal opcrating
1) Clean containers of material conditions.
suitable for solution to be
. stored * 3 Calculate the standard deviation for
. each set. .
2) Tight-fitting stoppers or * n . }
- caps R 4 Compare result to precision statement *
for method in tlie source of the procedure.
3) Safeguards against evaporation ’ . (1t may be stated as % relative standard
- *of solvent, adsorption of gases deviation. If so, calculate analyst results
-- - -and water vn;ior. effects of . in this form). .

ligat or temperature, etc.
5 Individual's precision should be better

e Signs of deterioration’ ' than round-robin precision results.
1) Discoloration / C Establishing anl_.yst Accuracy’
. o N «
2) Formation of precipitates Exceptions: gas chromatograrhy and
. radiological instrumentation

3) Slgnlilcant change in ¢
concentration 1 Spike set of 7 precision replicates of
- concentration low in applicability range
. ) - to bring fihal'to twice original,
V QUALITY ANALYTICAL PERFORMANCE Lt -
- ! - . 2 Splke set of 7 precision replicates of

A Skilled Aniﬂyst . mid-range concentration to bring final
©  to about 75% of upper limit of applica-
1 Appropriate and continuing training R bility. Tt ~
2 Willingness to follow specified 3 Test among ro;mne »nl'npl_es over two
procedures - ' , hours or more in normal operating

conditions. .

3 Skmed in manipulation or'lnbonmry . s . .
_equipment and techniques required- . 4 Calculate % recovery fot-each set using .
“in analyses . ’ average of resuits from the precision

. check and the recorded spike amounts.
4 Understanding of basic principles :

+  utilized and design of any instruments . 5 Compare result to accuracy statement
s/he uses.’ ~ . for method in the source of the procedure.
N , (It may be stated as % blas, l.e,, -
. % recovery-100%). . .
- 5-8 ' ) :
45 :
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6 - Indi~idual's accuracy should be
better thaa round=-robin nccurncy
results.

D Daily Performance Evaluation

1 At least two standards (high and low)
analyzed with a blank to verify an
established standard curve (comparable
operating conditions)

2. Somg, methods requlre daily preparntlbn .

of a standard curve.

e of about every 10 samples should
e a duplicate to check precision

a ording to acceptable standard
deviation (or % relative std. devlation).

to check accuracy
according tn acceptable % recovery
(or % bias),

Documentation of Daily Performancg

1 After 20 sets of duplicate data results
or of spiked sample results have been
collected, control charts for precision
and accuracy, respectively, can be
constructed.

2 A varlety of construction methods is )
available. .

3 Plot succeeding results on the
appropriate chart,

4 Charts document reliability of dntn.

S5 Charts give signal of out-of-control
numbers, trends toward out=of-control
conditions. improved- performnnce.
etc. .

Secondary Checks on Performance(2)

1 Quality Control samples are available
from.EPA at no charge for many
commonly-analyzed constituents,

The concentration is provided with
the sample. These might be run
,every three to six months.

Elements of a Quality Assurance Program

“

Run split samples and compare

-results with the other laboratory.

vyﬁn HANDLING AND REPORTING(!)
A

laboratory must have a program for ¢

Run performance samples (unknowns)
available from EPA at no thrge.

Participate in round-robin method and
perfv mance evaluation atuqies.

Participate in laboratory evaluation .
programs.

systematic and uniform recording of
data, and for processing and reporting
it in proper form for interpretation and
use.

A, The Analytical Value

v

€orrect calculation formulas reduced
to simplest factors for quick, correct
calculations.

Provisions for cross-checking calculations
Rounding-off rules uniformly applied

Significant figures established for
each analysis

B Processing s

1

Determine control chart approach and
statistical calculations required for
quality agsurance and report purposes.

Develop report forma to provide

' complete data documentation and

permanent records, and also to
facilitate data processing.

a To avold copying errors, the
.number of forms ghould be minimal.

C Reporting

The program for data handling should provide
data in the form/units required for reporting.
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Elements of a Quality Assurande Program

D Storage

1 For some types of data, laboratory
records must be kept readily available
to regulatory agencies for a period of

. time,

2 A bound notebook or préprinted data
forms permanently bound provlde good
documentation.

3 STORET is a, system for storage and
retrieval of vuter quality data. It is
a State/Federal cooperative nctmty

which provides States with direct access'

intd the central computer system.

4 Many agencies have access tolocal’
. 8ystems for storage and retrievnl
of data.

Vil SAFETY CONSIDERATIONs(!3)

Laboratory Facilities
Emergéncy Equipment

Program for Health Checke as fequired

9 0w >

Program for Inventory and Cot rol of
Toxic and Hazargous ‘Anterials A~d
Test Wastes

E Safety Officer-Fesponsibilitiem

U Informatlor.

2 Planning

3 Inspection

4 Implementztion

5 Evaluation

6 Reports

VIII EPA AQC Coordinators

~A Each of the ten EPA Regions has ar
Analiytical Quality Control Coordinator.

1

8 SUMMAJI

1 Implements program in regional
laboratory

2~ Maintains relatione and serves as
source of information for state and
interstate agencies within the region

The name\ address .n.nd telephone number '
nal AQC Coordinator'can be

fice or from EPA -EMSL.
Ohio 45268.

Quality Assurnnce regarding water quality
{or any type of} laboratory data requires
planning, control and checking for every
phase of the operation from sample collec-
tion through storage of the data. This out-,~"
line contains a bastc checklist of information
and items to be considered when-developing

a program to facilitate quality analytical’
performance by laboratory personnel.

To make the brogrnm effeciive, procedures
must be written, rasponsibilities must be
clearly defined and assigned, and individuals
must be ble. Develop t and daily
performance of such a program which meeta
the needs of an individual laboratory (or *
agency) will take time, Considering the ¢
importance of the data produced, the inyest-
ment in assuring ita reliability is“a sound
one.

»

" REFEREREES

cal Quality Control in Water and
Wastewater Laboratories, 1872, U’S. EPA-
EMSL, Cincinnati, Ohio 45268.

Minimal Requirements for a Water Quality
Assurance Program, EPA-440/8-75-010,
U.S. EPA Office of Water Planning and

) Standards, Washington, D.C, 20460. °
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Elements 6f a Quality Assurance Program °

3 Annual Book of ASTM Standards (Part 31),
Water, 1975, American Society for Testing
and Materials, Philadelphia, PA., 19103,

4 Handbook for Monitoring Industrial wagte-
water, 1973, U,S. EPA-Technology
- Transfer, Cincinnati, Ottio 45268.

5 Standard Methods for the Examination of
Water and Wastewater, 14th edition; 1978,
APHA-AWWA-WPCF, Washington,'D, C.,
20036,

k]

6 Methods for Chemical Analysis of Water
and Wastes, 1974, U,S. EPA-EMSL,,
Cincinnati, Onhio 45288.

7 Model §tate Water Monitoring Program.
" EPA-440/9-74-002, U, S. EPA Office of

Water and Hazardous Materials, Washington,
.

D, C. :

--8 U.é. Geological St:x:vey Techniques of
Water Resources Inventory; Book 1, 1975;

Book §, Ch, Al, 1970: Bodk 5, Ch, A3, 1972; «

et, al.; U,5. Government. Printing Office,
Washington, D, C, 20402,

9 Krener, "Methodology fof Chemical Analysis
of, Water and Wastewater" U.'S, EPA-NTOTC.

Cincinnati, Ohio 45288,

10 Federal Register, "Guidelines Establiuhing’
Test Procedures for the Analysis of,

Pollutants”, vol. 41, No. 232, December 1,

1978. pp 52780-527886.

11 Federal Register, " National Interim Primary

Drinking Water Regulations, " vol, 40,
No. 248, December 24, 1975, pp, 59588~
59574,

{2 Federal Regtster, ''State and Local
Assistance,” vVol, 41, No, 82, April 27,
. 1976 pp, 17894-17700,

13 Safety Management AManual, 1972
U. S, EPA, washington,”D, C, 20480

’ .
s )

This outline was prepared by Audrey D,
Kroner, Chemist, National Training and
Operational Technology Center. MOTD,
OWPO, USEPA, Cincinnati, Onio 45268

DESCRIPTORS: Analytical Techniques.
Chemical Analyses. Quality Assurance,
Quality Control. Reliability, Water Analysis
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VOLUMETRIC ANALYSIS OF WATER QUA!;ITY

I INTRODUCTION

A A standard solution i8 one whose com-
position and concentration are known
to a high degree of accuracy. In chem-
ical analyses, it {8 used to determine
the concentration of a parucular corh-
ponent in a sample : .

B, These chemical analyses very frequently
involve an acid-base reaction or an
oxidation-redutction reaction.

C  Three important terms connected with
these two types of chemical reactions
are: mole, eﬂivnlent weight, nqd

normality, These terms will be de-

®. Tfined in following sections.

- . o
II ANALYTICAL CHEMICAL REACTIQNS

A A bove, inachemical analysis
a volume oMstandard solution is brought
into contact with a volume of sample
in order to determine the concentration
of some pnrticular component of the
sample.

B .For agiven volume of sample, it is
necessary to use a definite amount of
the standard solution--too much.or too
little would give erroneous results.

C. For example, one cannot simply mix’
together random volumes of sodium
hydroxide and hydrochloric acid solu-
tions and expect the only two substances
produced to be sodium chloride and

water. ———

D  Unless the concentrations of the two
reagents are known and the amounts
measured accurately, excess sodium .
hydroxide or hydroctloric acid will
also remain at the end of the reaction.

E The reason for.these limitations is

that when molecules react with
one another, they do 8o in definite ratio.

PC.17b. 11,77

*

. F.

G

H

Unless thenumber of molecules of each
reactant {8 known, there willalways be
an éxcess of one of the reactants re-
mnlnlng at the end of the chemical
reaction. As mentioned before, this
leads to erroneous analytical results.

Because of their size, it ig not possible

to count out numbers of molecules.

However, the number of molecules in

a quantity of a chemical may be found
by determining its weight and consulting

a table which lists the weights of the

atoms making up the chemical.

For example, sodium hydroxidehas the
formula NaOH. It can also be stated
that a molecule of sodium hydroxide
consiste of one sodium atom, one hy-
drogen atom and one oxygen atom.

* One sodium atom weighs 23 atomic
mass units (amu). An oxygen atom.
weighs 16 amu; and a hydrogen atom
weighs 1 amu.

A molecule of sodium hydroxide, there-
‘fore, weighs 40 amu; all amu values
have been rounded off, , Forty amu {s
the molecular weight of sodium hydroxide.

A mole of any chemical {8 anumber qf
grams numerically equal to the molec-
ular weight of that chemical. Onemole
of sodium hydroxide, therefore, con-
tains 40 grams (40 g).

Similarly, the stomic weight of a
chlorine atom is 35/nmu. that of a hy-
drogen atom {s 1 amu; and the molec-
ular.weight of the hydrogen chloride
molecule is 36 amu, One mole of hy-
drogen ‘chloride weighs 36 §.

Synonyms for mole are: mol, gram
mol, gram mole, and gram molecular
weight.

Tables listing atonﬁq weights of the
elements can be found in virtually all

- 6-1
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of the texts used for high gchool and
first year college chemistry courses.

The remaining two terms mentioned in
IC (equivalent weight and normality)
will be consideredas they are relatedto
acid-base and oxidation-reduction reac-
tions. .

ACID-BASE REACTIONS

Recall that an acid 18 a substance which
donates a hydrogen ion, or proton, (HY)
in a chemical reaction and a base is a .
substance which donates a hydroxideion
(OH")inachemical reaction. Reactions
involving these two ions are termed
acld-base reactions.

In the case of sodium ydgoxide, the
molecular weight i8 40"amu and one

mole of sodium hydroxide weighs 40 g. -

One hydroxide ion ig contained in the
sodium hydroxide molecule.

1 For a base, the number of grams
in a mole divided by the number of
hydroxide ions equals a quantity

called the equivalent weight. Ex-

~ amples are given below. All amu,

§-2

values have been rounded off.

a Base -potasglum hydroxide KOH
. Atoms Number Wt/atom Total

K - 1 3% amu 39 amu
o 1 16" 16
H 1 1 1
s 56 amu
One mole of KOH = 56 g L

Number of hydroxide ions = 1
Equivalent weight of KOH = 56 g

b  Base -magneaium hydroxide

Mg(OH),

Atoms Number Wt/atom Total
Mg 1 * 24 amu 24 amu
0 - 2 16 32
H 2 1 2

. 58 amu
One mole of Mg(OH), = 58 g
Number of hydroxide ions = 2

Equivalent weight of Mg(OH)y = 29 g

\

2 For an acid, the number of grams
in a mole divided by the number of
hydrogen ions is the equivalent
welght, Examples are given below.
All amu values have been rounded
off.

a  Acid - nitric acld HNO3
Atoms Number Wt/atom Total

H 1 1 amu 1 amu
N 1 14 14
[o] 3 16 S48

63 amu

One mole of HNO3 = 63 g
Number of hydrogen fons = !
Equivalent weight of HNO3 = 63 g
b Acid - sulfuric acld HpSO,
Atoms Number Wt/atom Total

) H 2 1 amu 2 amu
S 1 32 32
(o} 4 16 64

98 amu

One mole of H3SO4 = 88 g
Number of hydrogen fons = 2
Equivalent weight of HaSO4 = 49 g

Normality 18 a method of expressing
golution concentrations. If one equiv-
alent weight of a chemical i8 dissolved
in a solveat and the volume brought to
one liter (1), the concentration of the
solution 18 one normal (N).

’ .,

1 The equivalent weight of KOH was
calculated to be 56 g. Thisamount
of the solid dissolved in water and
diluted to a liter would giyea I N
solution. . .

at

2  The equivalent weight of HNO3 was
found to be 63 g. This quantity of
acid diluted to a lter would give a
1 N solution.

OXIDA TION-REDUCTION REA CTIONS
The coricepts of mole, equivalentweight
and normality, as described in previous
sections, apply also to oxidation-

reduction reactions.

N

50
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One definition of an oxldation is that it

* involves an increacge in the oxidation

state (charge) of an atom.

For example: FeCly — FeCl3. In this
conversion the Fe has been oxidized
from +2 to 43,

A reduction is a decrease in the oxida-
tion state {charge) of an atom.

For example: KMnOy — MnO,. In this
conversion the Mn has been reduced
from +7 to +4.

The equivalent weight of an oxidizing
or reducing agent is calculated by
dividing the number of grams in & mole
of the reagent by the change in charge
involved.

For example: FeCly (used as a reducing
agent).

Atoms Number Wt/atom Total

Fe 1 56 amu 56 amu
Cl 2 70 70
126 amu

One mole of FeCly = 126 g
Change in charge = 1
Equivalent weight of FeCly = 126 g

The concentration of a liter of solution
which contains 126 g of FeClz Is I N, .’

PRIMARY STANDARDS

A reagent of known purity is called a
primary standard. Primary standard
grade chemlicals are avallable from
chemical supply houses and the National
Bureau of Standards. An accurately
measured quantity of a primary stand-
ard 18 used for the preparation of
standard solutions.

Other requirements of a primary stand-
are ara:

1 It must be stable at 105°C (the
temperature used for drying).

2 It should not be reactive with com~
' ponents of the air, such as O and
COa2.

VI

Volumetric Analysis of Water Quality

3 It.should have a high equivalent
welght 80 as to minimize any
errors in the analysis.

4 It should be readily avallable at a
reasonal:le cost.

STORAGE OF, STANDARD SOLUTIONS

A Standard solutlons should be prepared

uading high quality distilled water.

B Care should be taken to insure the
cleanliness of the glass or plastic
bottle used for storage.

C  Some solutinns may decompose on-ex-
posurc to light and should be stored in
dark bottles.

D  The stopper or cap should fit tightly.

VI CALCULATIONS .

A The basic formula used in volumetric

analysis is .
XN} of standard solution =
(1 XN} of sample
- Ina typical analysis, three of the four
quantities are known, or found, and

{1 XN) of standard

N of sample = T of sample

B This formula can be rearranged to l%
g *1 XN Xequtvalent welght K

where g and equivalent welght {(ew) re-
fer to the component being analyzed
ard ! and N to the standard solution.

C  For-example: How many g of NaQH are
present in a sample {f 100.0m! of 0.2 N
HCl.are required for its titration?

g*1 XN Xe-qulvalen( welght =
100.0 m1 40.0

1000. 0 m1/T X0-2X={— r 0.8
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ACIDITY, ALKALINITY, pH AND BUFFERS

DEFINITIONS Ol:"ACIDS AND BASES‘

Arrhenius Theory of Acids and Bases
(Developed about 1887)

1 Acid: A substance which produces,
in aqueous solmlon, ahydrogenion
(pro‘on)

2, Blse A substance which prod
in agueous solution, a hydrdxlde
ion, OH",

3 The Arrhenius theory was confined
- to the uge of water as a solvent.

Bronsted and Lowry Theory of Acids
and Bases (Developed about'1923) ’

I Acid: A substance which donates,
in chemical relcuon. a hydrogen

Jdon(proton),

2 . Base: A substance which accepts,
in chemical reaction, a hydrogen
* fon {(proton).

3 Bronsted'and Lowry had expanded

+ theacid-base'concept into non-
aqueous media; i,e., the solvent
, could, but didnot have to be, water,
There are other acid-base theories. The
two above are probably the most commonly
usedones when discrasing wntewlter
topics however,

DEFINITIONS OF ACIDITY,

ALKAUINITY AND NEUTRALITY.

A cidity ¥

A ‘condition in which there is a prepon-

derance of acid: materials present in
the water.

Alkalinity

A condition in which there is & px.‘epon-
dérance of alkaline {or basic) materh.ls
present in the wnter.

CH.ALK.3.15.77

‘¢ Neutnamy

1 Itis posslble to have present in
the water chemlcnlly equivalent *
. amounts of acids and bases. The
water would then be described as
being neutral; i,e., there is a
preponderance of neither acid nor
basic materials. The occurrence ~ -
of guch & condition would be rare.

2 The term "neutralization' refers to
the’ combining of chemically equiv-
alent amounts of acids and bases.
The two products of neutradlization
are a salt and water,

*HCl # NaOH = NaCl+H,0

2
Hydro- Sodiumi Sodium
chloric Hydroxide Chloride
acid : (a salt)

<«

D . The key word in the above definitions

. is "preponderance," It is possible to
have a bas lon of acidity while there
are basic materials present”in the
water, as well as conversely, -

M HOW ARE DEGREES OF ACIDITY AND
©  ALKALINITY EXPRESSED?

. The pH*scale is used to express various
degrees of acidity and alkalinity. Values
" can range frown Oto 14, Thege two éx- .
tremesare of theoreticalinterest andwould
never be encountered in a natural water or
in a wastewater; pH readings from 0 to.
' Just under 7 indicate an lcldl;: condition;
from justover 7to 14, 8nalkaline condulon.
Neutrality existe if the®H value is exactly
7. pH paper, or a pH meter, provides the
most-convenient method of obtaining pH
readings. It should be noted, thatunder NPDES *
lethodology, pH ts are tobe made
using a pH meter, Some common liquids and pH
values arelistedin Tablel.

"Ytionsl Poliapt Dlscharge
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Househald lye 13.7
Bleach . 12.7
Ammonta . 11.3

. Milk of magnesia 10.2

- Borax 9.2
Baking soda - 8.3
Sea water . 8.0
Bloed 1.3

' Distilled water 7.0 ,
-Milk 8.8
Corn 6.2
Boric acid 5.0
Orange juice 4.2
Vinegar 2.8
Lemon juice | ‘ 2.2
Battery acid .0.2

:

TABLE L., pH Values of Common Liquids

5.9 - 8.4 s the common pH range for most N
o nitural waters. '

IV HARD AND SOKT WATERS

) "In addition to being acidic or basic, water

canalso be described asbeing hard.or soft.

A Hard water contains large amounts of
calciym, magnesium, strontium, man- .
ganese and {ron ions, relative to the
amount of sodium and potassium ions .
present. Hard water {s objectionable
because-it forms insoluble compounds
with ordindry soap. .

B Soft water contains small amounts of
calélum, magnesium, stronuum. man-
ganese and iron ions, relative to the
amount of sodium and potassium ions
present. Soft water does not form in-
8solubile compounds with drdinm'y 8Cap.-,

V  TITRATIONS /

A The conversion of pH readings into such
quantities as milligrams (mg§ofacidity,
alkalinity, or harcness, is ngt easily *
carried out., These values are more

B Ina titration, an accurately menlured
volume of sample {of unknown strength)
i{s combined withan nccuntely measured

easily obtained by means ol a utralion.~ '

volume of standard solution {(of known

atrength) in the presence of a. auilable

indicator. N
C’ The strength (called normality) of the

sample 18 then found using the l‘ollowing

expresgion: .
mlllmters (m1) of sample x normqmy
(N) of sample = m]l of standird solu-
tion X N of standard.solution.

Three of the four quant'més ate known,
and ’ . ’
. [+] .

r N of sample = ml of standard solution

XN of smndard solution/ml of sample. .

D In modified form. and a more apecmc .
application of the above equation, alka-
linity is calculated in the following
manner (13th ed. Standard Methods).,

mg of alkalinity as mg CnCOalmer )
= ml ol standard H,50, X N of standard
HpS04 X 50 X 10007ml sample.

V1 INDICATORS '

The term "suitable indicator" was used
Above. At the end of a.titration, the pH of
the solution will npt necessarily be 7. It
may be above or below 7. A guitable inoi-
cator, therefore, is one which undergoes
its charncteristlc color change at the appro-
priate pH, Beloware a few exaimples of
indicators and the pH rnnge in which they
undergo their characteristic color changes.
In some cases, mixed indicators may be
used in order to obtain a sharper and morxe
definite ¢olor change. Agalnit ghonld be noted

@n under NPDES, ,pH meters are to.be used

r the measurement of pH

3

- Operational
Indicator o, pH Range
Methyl Yellow . 2.8- 4.0
Methyl Orange 3.1- 4.4
Methyl Red 4.4- 6.2
Cresol Purple T.4- 9.0
Phenolphthalein - 8,0- 9.8
Alizarine Yellow 10.0- 12,0
TABLE-2, pH Range of Indicators . |-

5S4
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hi

A- A buffer isa {ion of subst
which, when dissolved inwater, resists
* a pH change in the water, as might be
caused by the additionofaeid or alkali.
Listed below are a few ¢hemicals
which, when combined in the proper
-proportions, will tend to maintain the
pH in the indicated runge.

Chemicals s pH Range
AceticAcid + SodiumAcetate 3.7 - 5.6
Sodium Dih)"drogen Phbsphate. +
Disodium Hydrogen Phosphate 5.8 - 8.0] -
Boric Acid + Borax 6.8- 9.2
Borax + Sodium Hydroxide 8.2 - 11.0
. L_TABLE 3. pH-Range of Buffers !

‘B A buffer functions by supplying ions
which will react with hydrogen“ions
- {acid "spill"),. or with hydroxide ions
(alkalil "spill). '
C In many instances, the buffer is composed
of a weak acid and a sal{ of the weak acid;
e.g., acetic acid and sodium acetate.

1 In water, acetic acid ionizes or
“breaks down'' into hydrogen fons
and acetate ions.

“HCaH3Op * H* + CoH305"
(acetic a (h; (acetat
acetic acid)} y&-lgtﬁ%%}om acetateion)

This fonization occurs to onlya

slight ex*ent, however, mostof the
acetic acid remsins in the form of
"HCaH302; only a small amount of
hydrogenandacetate ions is formed.

2 Thus, aceticacid is said to be a
weak acid.

3 In the case of otheracids, {onization

- into the component ions occurs to a
’ ‘large degree, andtheterm strongacid

is applied; e.g., hydrochloric acid.

HC =" H + o
(hydrochloric  (hydroger inn) {chloride
Lacid) (proton) ion)

O
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4 .The terms 'strong' and "weak'"are
aiso appliec to bases. In water
" solutions, those which break down
into their componentionstoalarge
extent are termed "strong'’, and
those which do notare "weak".
Sodium hydroxide 18 a relatively
strong base, while ammonium
hydroxide is realtively weak."

5 Sodiumacetate {(a saltofaceticacid)
dissociates or "breaks do. 1" into
sodium ions and acetate ions when
placed in water.

NaCaH3Oz = Nna*  +  CpH302”
(sodium acetate} {(sodium ion) (acetate ion)

This dissociatfon occurs toa large
1 extent, and practically all of the

sodium acetate ig in the iorm of

sodium ions and acetate ions.

It would be difficult and =xpensive to
prepare large quantities of buffers for
use in a treatment plant. However,
vertain naturally occurring buffers may
be available (carbon dioxide is an ex-
ample). It dissolves in water to form
the species indicated below.

COp + HyO = HpCO3
(carbon dioxide) (water) {carbonic acid)
" HpCO; = H* +  HCOy"

. (h);drogen)ion) {hydrogen car-

proton; bonate ion)
(bicarbonate)

The hydrogen jons react with hydroxide
ions which might appear in the water .
as the result of an alkall "spill”,

H* + OH" = HoO
{in the ’ (hydroxide ion
buffer} - "spilled")

The hydrogen carbonate jons react with
hydrogen ions which might appear in
the water as the result of an acid "spill".
H* 4+ HCO3~ = F5CO3
{hydrogen {on) (in the
{proton) buffer)

"gpilled"

This buffering action will be in effectas
long.as there i8 carbonis acid present.



Acidity, Alkalirity, pH and Buffers

E Buf‘ering action is not identical with
a process in whiin acid wastes are
"Reutraliz.d" with alkali wastes, or
cor.versely. The desired affect is ¢
achieved in bot., cases, however (i.e.,
the pH is ;aaintained within a desired

range.) °
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ALKALINITY AND RELAT!ONSHLPS AMONG THE
VARIOUS TYPES OF A LKA LINITIES

I PRELIMINARY

The property of water referred to as alkalinity
is usually caused by the presence of hydroxyl,
carbonate and bicarbonate ions. To a.lesser
extent, borates, phosphates and silicates
contribute but are generally present in
negligible amounts.

The concentration and ratio of the OH", co. ".
and HCO3 ions may be measured by titrating
a sample 'to certain specified pH's or end
points which are detected either by use of a *
pH meter or by color indicators. Phenol-
phthalein is used for visual detection of the
first end point, {approximately pH 8) which
indicates the neutralization of NaOH and con-
version of CO3 to HCO3 . A number of
indicators (methyl orange, methy! purple,
brom cresol green.etc,) are used for detection
of the second end point {pH 3-5) which indicates
the complete conversion of HCO3 to H,0 and
CO,. The final end point is detérmined by
the’amount of CO3 and HCO3 originally
presgnt in the sample. 1f the ‘end points are
determined electrometrically they are taken

as the mid-point of the greatest rate of pH
change per unit volume of titrant.

I RELATIONSHIPS BETWEEN HYDROXIDE,
CARBONATE, AND BICARBONATE
ALKALINITIES . .

The results obtained from phenolphthalein
and total alkalinity measurements offer a -
.means of classification of the principal
forms of alkalinity, if certain assumptions
are made. It must first be assumed that
interferences are absent and that bicar-
bonate and hydroxide do not exist in the
same solution. According to the system

presented in Standard Methods“):

A Hydroxide alkalinity is present if the
phenolphthalein alkalinity is more than
one-half the total alkalinity.

B Carbonate alkalinity {s present if the :
phenolphthalein alkalinity is not zero
but is less than the total alkalinity.

C Bicarbonate alkalinity is present if the
-phenolphthalein’alkalinity i8 less than
one-half the total alkalinity. .

Table 1, Relationships Between Ph;mlphmlem Alialinity, Total Alkalinity,

Carbonate Alkalinity, Bicarbonate Alkalinity and Hydroxide A lkalinity

Lecture | Result of OH~ Allaltity €O, "Alkalinity | HCO,” ‘Alkalinity
Notes ' Titration . a8 CaCO, as &co‘s ' . |as cgcos ¢
Fase 1 Ps T T o .0

Case 2 P~ &T ) £3 S o

Case 3 P=* O o (o] M T

Case 4 P> 4T -} . 2p-T 2(T-P) _ T o

Case 5 p< #T o} 2P T-2P

P * Phenolphthalein Alkalinity

CM.ALK.2e.11.77

. T = Total Alkalinity

.
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Table 2. Stoichiometric Volumes of Solutions of Different Normalities

The relationships involved in Table 1 may
best be explained by reference to the following

Standard Solution ’ H,50, NaOH Na,CO; NaHCO,
.4  Normality 0.0200 0.0189 |. o.0199 0.0125 ‘
Equivalent Volumes, ml 10.0 10.6 " s.9 8.0
9.4 0.0 9.5 15.1
X 10.0 10.5 10.0 1§.9
6.3 * 6.6 6.3 10.0
Il CASE EXAMPLES } B CASE 2 - Where phenolphthalein alkalinity

= one-half the total alkalinity

graphs. These were prepared by titrating
volumes of standard soluti of sodi
hydroxide, sodium carbonate, and sodf
bicarbonate with standard sulfuric acid. °

The stoichiometric volumes of the various
solutions are summarized in Table 2 for
convenience in the interpretation of the charta.

A CASE 1 - Where phenolphthalein alkalinity
= total alkalinity

" . " [

ML BN TN, AT
R AT R T

e n

The sharp break occurs at the point where
all of,the NaOH has been exactly neutral-
ized by the acid. The pH and corcentration
of the end products (Na_ SO, and H,O)
determine the pH at thezeq\flvllenc% point
between NaOH and “2504‘ in this case,
approximately 7.0.

8«2 T

E

o L 1 1 1
o a n L m " - "
s oo Bk, Alnko
MBI ¥ Ny 0 LR

we in

The titration proceeds in 2 stages wherein .
all of the CO, is converted, firstto

HCO, and fifally to H,CO,. The first

end point occurs at upprox:imtely pH 8,

and at exactly half the volume of acid

used for the total titration. The end point
which oc t approximately pH 4
represents tal allmlinity and requires

/chﬁy twice the volume of acid used for
e

first end point.

If either HCO, or OH™ ions had been

present the ti?:‘at!on volumes for the curves
would not have been of equal magnitude.
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R C CASE 3 - Where phenolphthalein alkalinity
<o

-

T The reaction proceeds in one stage with
the initial pH at approximately 8.5 and
final pH at 4,0, In this case the phenol-
phthalein alkalinity is zero and since no
conversion of &0, to HCO,, is noted the
total alkalinity can only be dile to the
HCO3 {on.

D CASE 4 - Where phenolphthalein allalinity
is greater th: one-half the total alkalinity

T T T 1 T T

-

/I NIV I NNT -
Vet DEUE

- The volume of acid required for the first
end point (phenolphthalein alkalinity) is
¢ due tothe OH neutralization and con-
version of the CO, to HCO, . The .
8ernnd end point represents %‘le complete
« .nversion of HCO3 to H,CO,. Referring
Cage 2 where the volun?e oxancid was

O
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simflar for each end point, it is appareat

that a base responding to phenolphthalein

but which is not CO, must be present,

Since it was originﬂly assumed that OH

and HCOa do not exist in the same

solution we must conclude- that the total

alkalinity is due to OH and 'CO3

. Ve

E CASE 5 - Where phenolphthalein alkalinity-.

is less than one half of the total alkalaity .

T T T T T T
>

e 119 1 A1 Y 0RY

" Y TIRLLY]

" 1 1 1 1 : 1

GV

A Nawn g e

e
LT

If, in the reaction NaOH + NaHCO, —
Na, CO3 + H,O, the NaOH exists
excess qunn?!ty, the final sample con-
tains NaOH and Na,CO,, (Case 4) in

. which the volume oi acld required for
the phenolphthalein end point is greater
than one half the total. In this case,
however, the situation {8 reversed,
wherein the, volume of acid required
for the HCO, end point s greater than
one half the total, Referring again to
the reaction NaOH + NaHCO,~ Nn2C03 +
H2°’ it NAHCO3 is in excesg the end
products must consist of Na,CO, and
NaHCO, and OH must be nbsen?. The
end poiiits consist, therefore, of Na CO3
~ NaHCO, (phenolphthalein end pofht)
and NaHC! ) = HZCOB'
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F CASE 6 - Where prenalphthalein allalinity
is greater than one-half total alkalinity,

" T

T T T T T

[EXTL

e () VA1) BAHRT

A

, Lo st mome n wax LS RUETY K

: . wem
- Following the original assumption that
OH" and HOOa" are not compatible, with
HCO,,” being converted to CO,”~ we have
a cordition similar to Case 4°(F > 4 T).

G CASE 7 - Where phenolphthalein alkalinity
is greater than ohe-half total allalinity.

" T T T T T T

il | 1 1
" " B
ML 0.0 N B, AtDen
[aarmowian w0 maonr s o N NaCTE e I ML
w8 N D a0,
ne'm

| L
) v

_.__ The first end point occurs at the stoichio-
metric sum of the equivaleat volumes as
follows: - ‘

(9.4 - s.3)'+$1°*2—1""‘”

where (9.4 - 6.3) = volume of N acid
required for excess OH after OH +
HC03 reaction, .

O
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N \'-4-" o peany

N

, .
and (1l0; 12.8) ;' volume of acid required

for conversiod of CO, ~ to HCO,", The
second end point occirs at

10 > 12:6) 1), the volume of Heo,”
CO,. This then

ol

which is converted to
becomes the same as

COMPARISON QF ANALYTICAL
METHODS FOR ALKALINITY (According
to the Reference Service
,Report JAWWA Vol. 55, No. 5, 1963)

Allals ity - The methods for alkalinity.
measurement varied only in the choice

of indicator or pH for determining the
end point of the'titration, The indicators
used inclnded methyl orange, methyl
purple, and mixed indicator. The data
shows that as the use of electrometric
end point increased, the use of methyl

. orange decreased.

.

60

Mey 93 DETERMINATION METRODS
TABLE 2--Siakiskical Swmmery (conid.}
Ne. o | Cs -~ s
ours.
Sothed Vi
| & |
Alkaliniey

Methyl arangs wsel 38 |19 1123 %00 %2 5.0
iwsal w |7 [ eS| a8l 2 w1 2.483
: wi| 2 las|wr|38 |0 [£1s | 320
Electrometric iwse| a6 [ o9 | 97| 90| 20| w1 osn
iwsa| 33 far | avaf s [28T | &2 270
- | a8 |as| wa|3se] st Jads | ses
Methyl purple iwsef s [0 | aar{1e0] 1]k d 0418
wsal g0 fa7 | o3| s {2 faz o513
i | i | as| us| @ |0 [x1s | Som
Mised indicator wa| o[ o3| |0 (a3 1.000
. | s (esfas|® |0 |«3 3550

Brom cresol grven el |t | | |a2
AN methads isel o0 |19 | waf ar2s 00| a2 * 440
sl n a7 [ a5 jaz2 130
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SUMMARY
. Amount Added 17 mg/l (ag CanJ)
Avg. Deviation from 3.1 mg/l
amount added -
Standard Deviation 3.4 mgil N
" .50% Range hd 2.0 mg/j. .
». Method Most Commonly Electrometric
Used
Method Preferred Electirometric
" Total Number of 41 '

Observations

V PROCEDURE
The actual measurement of alkalinity

of sample with a standardized acid and the
proper indicator. For phenolphthaiein
alkalinity the end point and indicator are well
established. For the bi¢arbonate titration .
the final end point s a function of the HCO
concentration, Witk low amounts (<50 mg/1
as CaCO,) the pH at cnd poirt may be
appraxln?ately 5.0. With high concentrations
(>250 mg/las CaCO,) the pH at end point may
be 4,5 to 3,8, For all-purpose werk, in
whici the highest degree of accuracy s not
required, an end point at pH 4.5 using methyl
purple as the indicator {8 recommended.

The traditional methyt orange frequently
proves to e unsatisfactory because of the
indefinite color change at the end point and
also because of the low pH (3.8 - 3.8)
required to establish the change.

O
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very simple procedure requiring only titration

Alhuni‘y'.uxd Relationships Ameng t}m Various Types of Alkalinities

¥I EPA ANALYTICAL METHODS

A The Environmental Protection Agerncy,

Office of Water Programs, has dempiled

a manual of Analytical Methods which is to

be used in Federal laboratories for the
chemical analysis of water and waste samples.
The title of this manual {s ""Methods for

Chemical Analysis of Water and Wastes.

This manual lists two parameters which
are related to the subject matter in this
outline, They are total alkalinity and
total acidity. ‘

(2}

For the measurément of both of these
parameters, the recommended method

is volumetric. with the equivalence point
‘being determined electrorietrically.

The use of a color indicator (methyl orange)
is recommended gily for the automated
method, ,

I
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1 Standards . ethods for the Examination nf
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DETERL'J‘INA.TION OF CALCIUM AND MAGNESIUM HARDNESS

. I INTRODUCTION -
A Definition of Hardness B Objections to Hardness
. “
USPHS. = "In natural waters, hardness 1 Soap-destroying properties
is a characteristic of water which re- , *
- presents the total concentration of just 2 Scale formation
. the calcium and fhagnesium ions ex-
pressed ag calcium carbonsta, If +C Removal and Control
present in significant amounts, otaer .
hardness~-producing meu.lhc ions should - ) Hnrdneu may be removed and conlrolled
be included. " k through the use of various softening oper-
ations such as zeolite, lime-soda, and
B Other Definitions in Use . hot phosphate processes. It can also-be
. . . : removed by simple distillation or com-~
.1 Some confusion exists in understanding plex formation with surface active agents
g the concept of herdness as 3 result of (detergents). s e
several definitions presently.used. i .
2 Soap hardness definition includes hy- III ANALYTICAL PROCEDURES
drogen jon because it has the capacity ~
. to precipitate soap. Present definition A National Pollutant Dmcharge Ellminatlon
-excludes hydrogen lon because it is not System (NPDES)

considered metallic. N
Undpr the NPDES of the 1972-Federal Water

3 Other agencies define hardness as' Pollution Coatrol Act Amendments, analyses
‘'the property attributable to presence are to be performed using "approved”
of alkaline-earths", . analytical procedures citéd in the Federal
Register Guidelines Establishing Test
‘4 USI’HS definition is best in relation Procedures fog the Anelysis of
to objections of hardness in water. - Pollutants. The cited procedures are

found in Standard Methods(!), Annual
Book of ASTM Standards(?), and Methods

I CAUSES OF HARDNESS IN WATERS OF - R for Che!;lical Analysis of Water and
VARIOUS REGIONS OF THE U. S. Wasten! The three relevant para~
meters are: total hardness. expreseéed
A Hardness will vary throughout the country as mg Ca CO,/liter, total and dissolved
depending on: . calcium, and %oul and dissolved mag-
. nesfum. all expressed in mg/l.
‘1 Leaching action of water traversing B Total Hardness. as mg CaCO n
over and through various types of
geological formations. . 1 Total hardness my be de!ermined by
titrating the buffered sample with
° 2 -Discharge of - induutrial and domestic ethylenediamine tetraacetic acidA¥idTA)
wastes to water courses. . at a pH of 10,04 0. 1 using a dye such
. - ' ’ as Erlochrome Black T indicator.
3 Uses of water which result in change A color change from blue to red is the
in hardness. such as irrigation and end-point, Either daylight or a
water softening process. - fluorescent l_‘mp should be uged for
.o i i {llumination. Incandescent lights pro-
. duce a reddish tinge at the end-poihte

Lo . Certain metals such as {ron. manganese.
- nickel. zinc and others. interfere with

. : 62 ’ end-point clarity. . , .

CH. HAR. 3e. 11.77 .9-1 :
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Determination of Calvium a-d Magnesium Hardness

Chemical wnhibitors are needed to tie
up the interferring metals. Some
inhibitors contain sodium cyanide, and
extreme caution must be ooserved wien
they are used.

[n the automated procedurea, magnesiur‘
EDTA exchanges magnesium for calcium.
The released magnesium, plus the mag-
nesium already present in the sample,
produces a red violet complex with cal-
magite at a pH of 10. The total hardness
(i.e.. calcium plus magnesium) is deter-

E Total Magnesium. mg/1
: 14

mined therefore, by analvsis for magnesium.

Migestico !

" When determining Total Calcium or Total

‘tagnesium, the initial step is digestion.

The sample is first acidified with condentra:-
cd redistilled HNO3(5 ml/1). . Five ml of
distilled HCH(50% by volume) are next added
to 100 ] of the well-mixed acidified sample.
which is ©.en heuted at 85°C for 15 minutes.
The sample 18 next dﬂuted back to 100 ml

for analysis.

o

Total Calcium, mg/l

1. Total calcium may also be determined
by titration with EDTA, ata pH of 12-13.
Murexide. Eriochrome Blue Black R,
and Solochrome Dark Blue are among the
indicators which may be used. The
titration should be carried out
immediately after raising the pH.

Lower concentrations (e. g., less than
20'mg/1) of certain metals such as
coppar, ferric and ferrous iron.
mangénese and zinc do not interfere.
However orthophosphate precipitates
calcium at the elevated pH of the test.
Strontium and barium interfere, and .
alkalinity greater than 30 mg/l cnuses
an indistinct end-point. .

2 Lanthanum-is used to mask the »
phosphate, sulfate and aluminum ’
interference in the atomic absorption
determination of calcium. High con-
centrations (up to 500 mg/1) of sodium, -
potassium._ and nitrate cause no
difficulty. Magnesium levels greater
than 1000 mg/! cause low results.

63

5

G

1 The gravimetric determination of
magnesium involves addition of
diammonium hydrogen phosphate w
which precipitates magnesium
ammonium phosphate. The precipitat.
is ignited and weighed ac magnesiuni
pyrophosphate. The sample should be
reasonably free of aluminum. calcium.
iron, g silica, strontium.
and suspended matter.

2 Aluminum concentrations greater
than 2 mg/] interfere with the
atomic absorption procedure.
Lanthanum is used as a masking
agent. At concentrations less
than 400 mg/ 1, sodium, potassium
and calcium cause no problem..

Dissolved Calcium & Dissnlved Magnesium,
mg/l

The dissolved metals are determined by 0. 45

.#m filtration, followed by acidification with

redistilled HNOj3 to a pH of 2, and the methnd
(except for digestion) used for the "Total”
metal, Pre-filtration to remove larger sus-
nended solids is permissable. A glass or
rlastic filtration apparatus is recommended
to avold ¢nntaminarion.

vther Procedures -

1 The analytical procedures for total
hardness, calcium and magnesium
outlined ahove are, those to be pcrformed
under the NPDES.

2 Esxamples of other, ° non-NPDES !
procedures are:

a Gravimetric determination of calcium

b Potassium permanganate titration
of calcium.

‘¢ Determination of total hardness and
calcium or magnesfum and then sub- .
tracting to obtain the concentration
of the other inetal. This procedure
sssumes that calcium and magnesium
are the only hardnees components
present.

d Deternining the concentration of the
individual metals. multiplying the
concentrations by an appropriate factor
to put the values on a calcium carbonate
basis. and then summing the calcium
carbonate concentrations to obtain a
total hardness value,



m Hardness

Determiration of Calcium and Mag
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CHLORINE.DETERMINATIONS AND THEIR INTERPRETAYIL .

I INTRODUCTION

Chlorine norm)lly'ls applied to .water as a
bactericidal agent: it reacts with water con-
taminants to form a variety of products
containing chlorine. The difference between
applied and residual chlorine represents the
chlorine demand of the water under cunditions
specified. Wastewater chlorination is parti-
cularly difficult because the concentration of
or i and c« tible to

.intweraction with chlorine are highr aad variable.

interferences with the chlorine determiiation
in wastewater confuse interpretation with
respect to the chlorine residual it a given
time and condition, its bactericidal potency,
or &ta‘mture’behnvior.

Il CHEMISTRY OF CHLORINATION

A Chlorine compounds (Cly) dissolve in water.
and hydrolyze immediately according to the
reaction.

Cly + HyO = HOCI + H* +C1

- The products of this reaction are hypo-
chlorous and hydrochloric acid. The
- reaction {8 reversible, but at pH values
abcve 3.0 and concentrations of chlorine
below 1000 mg/1 the shift is predominantly
to the right leading to hypochlorous acld.
. {HOC1).

" Hypochlorous acid is a weak acld and con-
sequently ionizes in water according to the
equation: .

HoCl = H*+ocCI” -
.This reaction is reversible. At a pH value
of 5.0 or below almost all of the chlorine

is present as hypochlorous acid (HOCI)
whereas above pH 10.0 nearly all of it

PC. 11d,11.77

“~

exists as hypochlorite ion (OC17). The pH
value that will control is the pH vaiue
reached after the addition of rhiorine,
Chlorine addition tends to Ir.wer the pH
nnd\th-. addition o! alkali hypochlorites
tends to raise the pH.

The initial reactions on adding chlorine to
wastewaters may be assumed to be funda-
mentally the same as when chlorine is .
added to water except for the additional
complications due to ccntaminants and
their concentration.

Hypochlorous acid {(HOC1) reacts with"
ammonia and with many other complex
derlvnﬁvgu of ammonia to produce com-
pounds Rnown as chloramines. Formation
of the simple ammonia chloramines includes:
1 NH; + HOCl —= NHCl + ' H,0
monochloramine
2 NHpCl + HOCI—NHCl; + H;0

dichloramine |

3 NHyCl + NHC1, — N2 + '3 HCl

i

The distrib_ution of the ammonia chloramines

is dependent on pH, as illustrated below:

Percentage of Chlorine Present as

ph Monochloramine  Dichloramine '
5 .18 84 '
8 38 82 ) i
7 . 85 . . 35 :
8 85 15
9 94 8
01
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Chlorine Determinations and Their Interpretation

I

The formation of the ammonia chloramines
are dependent on pH, temperature, and
chlor:ne-ammonia ratio. Chlorine re-
actions with amino acids are likely;
product disinfecting powers are lower

than those of chlorine or of ammonia

chloramines, /

TERMINOLOGY
Terms used with Respect to Applicatio
Site a :

1 Pre-chlorination - chlorine added
prior to any other treatment.

2 Post-chlorination - chlorine added
after other treatment.

3 Split chlorination = chlorine added at
different points in the plant - may
includé pre- and post-chlorination.

Terms bsed in Designating Chlorine .

Fractions

1 Free available residual cl’ﬁorinwe - the
residual chlorine present as hypo- ’
chlorous acid and hypochlorite ion.

2 Combined available residual chlorine -
the residual chlorine present as .
shloramines and organic chlorine con-
taining compounds.

3 Total available residual chlorine = the
(ree available residual chlorine + the,

combined available residual chlorine - ..

may represent total amount of chlorine
residual present without regard to type.

In ordinary usage 'ghese terms»a‘re
shortened to free residual chlorine,
combined residual chlorine and tgtal .
residual chlorine. ‘In the chlorination
of wasiewaters only combined residual
chlorine is ordinarily present and is
often improperly termed chlorine
res'idua.l. R

Breakpoint chlorination specifically refers
to the ammonia-chlorine reaction where
applied chiorine hydrolyzes and reacts to
form chloramines and HC! with the

10-2

1
chloramines eventually forming M, + HCI
as in IL B.3. Assuming no other chlorine
demand, the total chlorine residual will
rise, decrease to zero and rise again with
increasing increments of applied chlorine.
Other substances may produce humps in

- the applied chlorine vs residual chlorine

plot due to dation of materials other
than ammonia. Sometimes thege are
erroneously considered as a béeakpoint.

IV IODOMETRIC TITRATION ANALYSES( !+ 2}

lodometric titration using either an

amperometric or 2 gtarch-iodine
end point determines chlorine residual.
The relative advantages of a specific

determihation depend upon the form in which
the reactable chlorine exists and the amount
and nature of interferénces in the water.

A Amperometric Titration - Direct Method

3

“y

(V)

1 Scope and application

This method is applicable to the
determination of free, combined or
total residual chlorine in all types of
water and wastewaters that do not
i bstantial of organic
" matter,

2 Summary of 'Method

When the cell of the titiator is immersed
in & sample at pH 7.0, the cell unit pro-
* duces a small direct current if free
chlorine (an oxidizing agent) is Jpresent. .
As phenylarsine oxide (PAO) solution
is added. it reduces the free chlorine.
When all the chlorine is neutralized, the
generation of current ceases, At this
end point, the microammeter pointer on
the apparatus no longer deflects
down-scale,

To determine combined chlorine, pH 4.0
buffer and potassium jodide are then
added to the gample. Free jodine
released by the combined‘chlorlne also
causes the cél} to produce a gmall direct
current, Addition of PAO reduces the
free’jodine end the generation of current
ceases. Again, the end point occurs



Chlorise Determinations and Their Interpretation

.- when the microammeter pointer no Any form of chlorine present will
longer deflects down-scale. amichiome!ricilly liberate iodine
. which immediztely reacts with the
In either titratioff, the amount of' PAQ . PAO before significant amounts are
reducing agent used to reach the end - lost to reactions with organic matter
- poiat is ultimately stoichioméetrically ’ in the sample.
proportional to chlorine present in the ’
sample. The sum of the free and When the cell of the amperometric
combined chlorine is the total residual . titrator is immersed in a sample so
" chloripe in the samgle. - treated, no current is geperated since
. neither free chlorine nor free iodine
Total residual chlorine can be deter- " is present, !
mined directly by 'adding pH 4.0 buffer . . .
and potassium iodide to the sample .<The amount of PAO used to reduce the
before beginning the titration. Any liberated iodine is then determined by
free or combined chlorine present will . titrating the excess with a standard
stbichiome!rically liberate free iodine iodine solution. No current’is generated
which is then reduced with PAO until all the excess PAO has been
titrant. The amount of PAO titrant, oxidized by the iodine. At this end
used measures the total amount of free point the next small addition of jodine
and combined chlorine originally causes current to be generated and the
present in the sample. - micréammeter pointer permanently

deflects up-scale.
3 Interferences *

The excess PAO thus messured is,

a Organ'ic matter reacts with liberated . subtracted from the original amount
iodine. of PAO added. The difference is the
PAO used to reduce the liberated iodine
b Cupric ions may cause erratic and {8 ultimately a measure of the total
N s behavior of the apparhtus. .chlorine originally present in the sample.
. - .
¢ Cuprous and silver ‘ions tend to ’ NOTE: Sodium thiosulfate solution may
. poidon the electrode by plating out be used instead of PAO, but PAO is
onit, - more gtahle and is to be preférred.
B Amperometric Titration - Indirect Method 3 Interferences -
1 Scope and Application - - a Cupric jons mdy cause arratic

X behavior of the apparatus.
This method is applicable to the

determination of total chlorine residual b Cuprous and silver ions tend to

in all.types of water #nd wastewaters. *  poison the electrode by plating out
In contraat to the direct amperometric - < on it.

titration, this back-titration procedure : :

minimizes interferences in waters "C Colorimetric Starch-lodide Titration -
containing substantial amounts of Indirect Method

organic matter.
‘ : : I Scope and Application
2 ‘Summary of Method L.
N This method is applicable to the

A sample is treated with a measured . determination of total chiorine residual
. excess of standard phenylarsine oxide in all types of water and wastewate..
(PAO) solution followed by addition A back-titration procedure is uged to
of potassium jodide and a buffer to N : minimize ijterferences in waters con-
maintain the pH between 3.5 and 4. 2. *  taining substan*ial amounts of organic
s matter.
G -
[
. *16=-3
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"Chlorine Determinations and Their Interpretation

o -

i - L

2 ‘SumMary of Method D Evaluation of Jodometric Apalyses

" of iodine causes a faint blue color to v DPD METHODOLOGY'!
" persist in the samplc. .

‘A sample is treated with a measured - - 'odometric titration using ampsrometric
excess of standard phenylarsine oxide end point detectior appeurs to be the more
"(PAO) solution followed by addition accurate residual chiorine method — .
of pdtassium iodide and @ buffer to Besides being ihherentiy m.re 8ccurate than
maintain the pH betweén 3.5 and 4, 25 colordetecticn methods, this electrical end
Any form of chiorine present will point is free of interference from color-
stoichiometrically libergte jodine - and turbidlty. ] - . .
which immediately reacts with PAO S
before significant amounts are lost t. The accuracy of the colorimetric snu‘c}_\-
reactions with organic matter in the " iodide end point is improved by employing
sample. the indirect titration method described,

> above. ing &n excess of the standard
The amount of PAO =sed to reduce the reduclng q nt and back-titrating. contact
liberated iodine is thesi determined by between the liberated iodine and organic

_titrating the excess with a stand, matter in the sample is minimized.
iodine solution in the prmfﬁch . .

until the PAO is completely oxi B
At this end point, the next small addition .

The DPD (N, N-dfethyl-p-phenylenediamine)

The excess PAO thua meuured is . method can be applied by either titration or
subtracted from the original amount spectrophotornetry. o

of PAO added. The difference is the . .
PAO used to reduce the liberated . A Titration

iodine gnd is ultimately a mcasure of. ’

the total chlorine originaliy present In this procedure, the buffered sample.is

in the sample. . titrated with ferrous ammonium sulfate to-

the disappearance of the red color; the ¥
NOTE: Sodium thiosulfate solution may result is free available chlorine. Using the

- be used instead of PAO, but PAO is same sample. the titration can be carried

more stable ard is to be preferred. [ further to determine mono-and dichloramine,

:litrogen trichloride is found using a fresh

3 Interferences, RS portion of sample.

a An unusﬁllly high content of organic B Spectrophotometry .
matter.may cause som e uncertainty - .

in the end point. If manganese, Alternatively, the red colors in A}be
iron and nitrite are definitely absent, read in a spectrophotometer or filter photo~
this uncertainty can be reduced by " meter at 515 nom., The/concentrations are
acidification to HH 1.0, ’ determined using a cAlibration graph,

b Color and turbidity.in the sample
cause difficulty with end-point . . - 2
detection. .

&y



Chlorine Determination ard Their Interpretation
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PHOSFHORUS IN THE AQUEOUS ENVIRONMENT

i Phosphorus is clos. ™~ associated with
water quality because ¢; (a} its role in
aquatic productivity such as aligal blooms,
(b) its sequestering ..ct:on. which causes
interference in coagulatiorn, (c) the difficulty
of removing pliusphors from water t2 some
desirable low concentration, and (d) its
characteristic of converting from one to
another of many possible forms.

A Phosphorus {1 one of the primary nutrients
such as hydrogen (H), carbon (C),
nitrogen (N), sulfur (S) and phosphorus (P).

Phosphorus is unique nmon'g nutrients
in that it. oxidation does not contribute
sigrificant energy because it commonly
exists in oxidiz:-® form.

2 Phosphorus is intir:.tely involved in
oxidative energy release from an
uymthesis of other nutrie.ts into tell
mass via: .

a Transport >f hulents acos8s
membranes into cell pro.oplasm is
lkely to includ. phosyl')rylatk;r:.

b The release . energy for me/tn-
bolic purpcses is l.ely . /
includy a triphoshhate exchange
mechanism. '

B Most natural watess contain relatively low
‘evels of P (0.01 to 0.05 mg/1) in the
soluble state during pe:iods of significant’
productivity,

1 Metabolic a«tivity tends to conva:t
soluble P into cell mass (organi: P) as
a part of tht protoplasm, lntermediate
products, or sorbed material.

2 Degradation of cell mass and incidental
P compounds results in a feedback of
lysed P to the water at rates governed
by the type of P and the environment,
Aquatic metabolic kinetics show marked
influences of this feedback.

CH. PHOS. 4e.11, 77

3 The concentrations of P in hydrosolls,
sludges, treatment plant samples and
solls may range from 102 to 105 times
that in stabilized surface water. Both
concentration and interfering corapo-
nents affect applicablility of analytical
techniques.

I The primary source of phospho:us in the

agueous system is of geological origin.

Indirect sources are the processed mine:al

products for use in agriculture, household,

industry or other activities.

A Agricultural fertilizer run-of{ is related
to chemicals applied, farming practice
and soll exchange capaci:y.

B Wastewaters primarlly of domestic
orlgin contain majur amounts of P from:

1 Human animal and plant regidues
2 Surfactants (clcaning age..:) discharge
2 Microbial and other cell masses

C Wastewaters primarily. of industrial
origin contain P related to:

1 Corroslon control
2 "Scale control additives
3 Surfactnts or dispersants

4 ‘Chemlical t-rocessing of material
including ¥ . :

5 Liquors from clean-uvp operations of
dusts, fumes, stack gases, or other
discharges

III  Phosrhorus terminology is commonly

confused because of the {i.ierreli.tions among
blological, chemical, enginecrizng, physical,
and analytical factors.
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Phosphorus _in the Aqueous Environment

- A Blologically, phosphorus may be available

as a nutrient, synthesized into living mass,
stored in living or dead cells, agglomerates,
or mineral complexes, or converted to
degraded materials.

B Chemically, P exists in several mineral
and organic forms that may be converted
from onr to another under favorable
conditions. Analytical estimates are
based upon physical or chemical techniques *
necessary to convert various forms of P
into ortho phosphates which dlone can be
. quantitated in terms of the molybdenum
blue colorimetric test.

C Engineering imerest in phosphorus is

related to the prediction, treatment, or
.control of aqueous systems to favor
acceptable water quality objectives.
Phosphorus removal I8 associated with
solids remnoval.

7

‘

‘D Solubility and temperature are major

physical factors in phosphorus behavior.
Sqluple P {8 much-more available than
insoluble P for chemical or biological
transformations and the rate of conversion
from one to another is strongly influenced
by temperature.

E Table ! includes a classification of the

four main types of chemical P and some
of the relationships controlling solubility
of each group. It is apparent that no
clea: ~cut separation can be made on a
solublility basis as molecular weight,
substituent and other factors affect
solubility.

F Table 2 inch.des a scheme of analytical

'ifferentiation of vairious forms of P
based upon:

1 The technique required to convert an
unknown varlety of phosphorus into
ortho P which is the only one quanti-
tated by the colorimetric test.

11-2

2 Solubility chafacteristics of the sample
P or more pfecisely the means ~equired
to clarify the sample.

a Any cfarification method ig subject
to ingomplete separation. Therefore,
it is pssential to Bpecify the method
used|to interpret the yield factor of
paration technique. The

solubles will be significantly
different for:

1 Membran. filter separation
(0.5 micron pore size)

2 Centrifugation (at some specified
rpm and time)

3 Paper filtration {specify paper
identification)

4 Subsidence (specify time and
conditions}

G Analytical separations (Table 2) like those
in Table 1, do not give a precise separa-
tion of the various forms of P which may
be included quantitatively with ortho or
poly P. Conversely some of the poly and
organic P will be included with ortho P if
they have been partially hydrolyzed
during storage or analysis. Insolubles
may likewisge be included as a result of
poor separation and analytical conditions.

1 The separation methods provide an
operational type of definition adequate
in most situations if the "operation"
is known. Table 2 indicates the nature
of incidental P that may appear along
with the type sought.

~F

[



Phosphorus _in the Aqueous Environmeut

Table 1

'PHOSPHORUS COMPOUNDS "CLASSIFIED BY
CHEMICAL AND SOLUBILITY RELATIONS

Form - Water Solubleu) haolublq(l)
1. Ortho phosphates ’ Combined with monbvalent - = Combined with multi
-3 cations auch as H) Na.'"K;"NH"' valent cations such =" T
(PO,) 4 +2, +3_ +3
. as Ca Al Fe
2. . Poly phosphates as in 1 above (a) as in 1 above
(.0 "‘(P o )'5(P o )-3 Increasing dehydration (b) multi P polyphosphates
27770 3710 38 decreases solubility . ) (high mol. wt.) in-
and others depending iipon cluding the "'glagsy"
the degree of dehydration. . phosphates
3. Organic phosphorus . (a) certain chemicals (a) certain chemicals
R-P, R-P-R (2) . -(b) degradation products {b) cell mass, may be
(unusually varied nature) (c) enzyme P colloidal or agglom-
(d) phosphorylated nutrients erated Lo
. (c) sotuble P sorbed by
insoluble residues
4, Miaeral phosphorus {a) as in 1 above . (a) as in 1 above
" (b) as in 2 above
{c) geological P such as
" phosphosilicates
. (d) certain mineral com-
plexes.
(1) Used in reference to predomi under conditions.
-3

{2) R represents an organic radical, Prepresents P, P04, or its derivatives. .

-

' 2 includes Mquid and R that the feedback of soluble.P from
? ::;:::;e‘: x'-l;;!;::leue P t.h:t may exist in - deposited or suspended material has a
the whole sample including silt, organic , real effect uPon the kinetics of the
sludge, or hydrosoils. This recognizes aqueous en’ irunment.
.
od 11-3
(2 :
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Table 2

PHOSPHORUS COMPOUNDS CLASSIFIED BY .
ANALYTICAL METHODOLOGY .

Desired P Components Technlq;ne(l) Incidental P lncludedw)
~ 1, Ortho phosphates ' No treatment on clcar Easily hydrolyzed
‘ samples (a) poly phosphateés -
{b) organic -P, -
. . (c) Mineral -P, + or -
2. Polyphosphates acid hydrolysis on clear (&) ortho-P +
(2)-(1) = poly P samples, dilute (b) oxganic -P +or -
- . (hydrolyzable) (a) H,80, o (c) mineral -P +or -
(b) HC
_heated
3, Organic phosphorus acid + oxidizing hydrolysig (a) ortho P+
(3) -(2) +org P on' whole sample, dilute (b) poly P +
(hydrolyzable} (a) sto‘ + HNOB {c) mineral P + or -
(b} sto‘ + (Nl'l‘)zszo8
—hsated
4. Soluble phosphorus clarified liquid following generally includes
(preferably classitied filtration, centrifugatio: (a1, 2, or 3

by clarification method) or gubsidence
A (b) particulates not
completely geparated

S. Insoluble phosphorus Retained residu'eyﬁparnt}\ {a) generally includes
(residue from clari- during clurification sorbed or complexed
fication) See {g) solubles.

8. Total phosphorus ©  Strong acid + oxidant all components in

digestion 1, 2, 3, 4, 5 in the
(a) stO‘ + HNOS whole sample

(b} stO‘ + l-l'NO3 + HClOa

{c) Hzo2 + Mg(N03)2 fuafon

(1) Determinative step by phe. pi , molybdate colorimetric method.
-
" (2) Coding: + quantitative yiel
- a small fraction of the amount present
+ or - depends upon the individual chemical and sample history

11-4 : I3
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Phosphoruvs in the Aqueous Environment .

1V Polyphosphates are of major interest in
cleaning agent formulation, an dispersants,
and for corrosion control. '

A They are prepared by dehydration of ortho
phosphates to form products having two or
more phosphate derivatives per molecule.

! The simplest polyphosphate may be
prepared as follows:

NaQ, Nao\
HO-=P = O HOW

(o] (o]
o] T Nelo

NaO HO//
NaO .
mono sodium ortho disodium dihydrogen
phosphate (2) polyphosphate

2 The general form for producing
polyphosphates from mono substituted
orthophosphates is:

heat
n (NaHzpoq) 300-4370 (ngoa)n‘r n HZO
3 Di-substituted ortho phosphates or

mixtures of substituted ortho phosphates
lead to other polyphosphates:

N;H’PO‘ heat

N HPO, o LI N PO o 0
cleodium hydrogen +  mono sottum  —=) pentsdodium +  weter
ortho phasphats d1 hydrogun trl-phosphate o
orthd phasphats

4 The polyphosphate geiies usually
consist of the polvphosphate anion
with a urgutive o ge of 2 to 5.
Hydrogen or 'mciaig comzn:only ocsupy
these sites, Thx WOlyphosphate can be
{urther dehydraiad by heat an lcg as
hydrogen remains. Di‘or trivalent
cations generslly procuce 3 more

ERIC
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insoluble polyphosphate than the same

' ration in the form of insauluble ortho
phosphate, Insolubility increases with
the number of P atoms in the .
.polyphosphate. The “glassy' poly-
phiogphates are & speciul greu,. with
limited solubility that ~1e used {0 aid
corrosinn resistance in pipe distribu-
tion systems and similar vies.

B Polyphosphates tend to hydrolyze or
"revert" to the ortho P form by addition
of water. This occurs whenever
polyphosphates are found in the aqueous
environment. oL

1 The major factors afiécting the rate of
reversicn of poly to orthophogphates
include:

a

Temperature, incrdpsad T increases

rate
b) pH, low:: ;% i=v=e:sks rate

c) Enzymes, "ysalase epzymes
increars cute ’

d

Coll: 1wl gets, [icrease rale

e) Com: nving ci:tlr '8 and jonic
conc: ntratun 17, ease rate

f) Concer...-av1-: of the .polyphosphate
incre: +.-. ate

2 Items a, b=and c hav~ a large effec:
upon reversiva rate compared with
uther factors listed. The actual
reversion rate is a combination of
listed items and other conditions or
cnaracteristics.

3 The-difierences among ortbu a 1d ortho
+ polyphcasphates commonly are close to
‘experimental error of the colorimetric
test in stabilized surface water samples.
A significant difference generally
indicateg that the sample was obtained
relatively close to a sou."ce of poly-
phusphates and was prorptly analyzed.
This implies that the re-2rsion rate of
polyphosphates is much ..igher than
generally believed.
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V SAMPLING AND PRESERVATION
TECHNIQUES

A Sampling

1

Great care should be exercised to
exclude any benthic deposits from
water samples,

‘Glasa containers should be acid rinsed

before use.

Certain plastic containers may be
used, Possible adsorption of low con-
centrations of nhosphorus ghould be
checked.

If & differentiatics: of phosphorus forms
{8 to be made, [ilre’i: should be
carried out imniedlately upon ¥
collection. A membrane filter of

0.454 pere stze 18 rncommended for
reproductble ssparations.

U Preservation

1

)

If at 411 poasible, samples should be
analyzed on the day of collection. At
best, preservation measurey only
retard pousible changes in the sample.

& Posslble physical chanjse include
solubilizaion, precipitition,
sheorption on or desorption from
suspended inatter.

UL Ponsible chemical changes includ
raversion o7 pakr to ortho P and
decomposition < organic or min- .
eTal P,

¢ Possible biol:gical changes
incluce micranial d positl
of orgeaic P and algsl or
bacterial growth forming organic P._

12 1t 18 impoesidls to do total phos-
piorus deterninations on the day of
ccliection, rofsigerats at 4°C and
edd 3 w1 concentrated Hy80, or

40 mg #5C1g/Uter,  Limit o} holding
for samples thus preasrved (e 7 days.

11-~8

~1

1

a Refrigerziion delcrenes Kydral ysi,
and reestisu rates and alséo loasec -
due to wolntility,

b Sulfuric scid limits biological
changer.

¢ Mercii®!2 chloride also limits
blolo;fice) changes, but interfcres
with the raalytical procedure if
the chlcrido level is leew thui 50 1ng
Cl/liter. (Sem VI B, 2, belaw),
Di.ous", of marcury-containing
test wades algo addy time ‘o the
prrduse,

3 Consult the F1PA Mt:hris Manual(8)
Roiy, for preservi: wa ine.sures applicable
to ATmp. ek & ilacine ‘o determine
various iractior-a ' phosphorus.

THE EPA ANALYTITAL PROCEDURE®

This i8 & colotimetsic determination,
specific for orudisphosphate, Depending
~n the natace »F *e gample and on the
type «f daw Lought, the procedure in-
volvrs s peneral operations: :

1 Luswersion of phosphorits forms to
iuble orthophosphate (See Fig. 1):

& sulfuric acid-hydrolysis for
. polyphosphates, and some
organic P compounds,

b persulfate digestion for organic
. P compounda.

2 Th color determination involves
recuting dilute solutions of phosphorus
wi.s ammonium molybdate and
potaseium antimonyl tartrate in an
acid medium to form an antimony-

ot 1vb dat 1

phosphomoly plex. This
complex {s reduced to an infensely
blue-colored complex by ascorbic -
acid. The color is proportional to

he arthont y o4
the crthog ation.

Color absorbance 18 measured &t
880 nmx or 850nm anda concentration
value obtainedusing a standard curve.

Reagent preparation and the detailed
procedure can be found in the EPA
manual. .

The methods described there are
usable in the 0,01 t0 0, 5 mg/liter
phosphorus range. This range can
be extended by dilution of samples,
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B

A

1)
. .Tnul Serple (Mo Filtraiion)

Dirat

Colerimetry

Hy50, Persulfets

. 5| ortivopn

Hydrolysis & .
it I [
[?:.“’ l'({droly . & Orthophoaphate

1,50,

Ulrect I
Colorimetry Hydrolysis §
Colorimetry

Filter 045 micrometer Membrane Filter

Persulfate

Digestion &
Colorimetry

Total Soluble j
Phosphorus

+ soms organic

phosphorus

us
compounda

) Soluble l Soluble Hydrolynhq
Orthophosphsta 4 Orthophosphate
inorgdnic polyphosphate .

©  FIGURE 1
ANALYTICAL SCHEME FOR DIFFELRENTIATION OF PHOSPHORUS FORMS

Interferences

1 Erroneous results from coniaminated .

glassware is avolded by cleaning it
with hot 1:1 HC1. treating it with
procedure reagents and rinsings with
distilled water. Preferably this
glassware should be used only for the
determination of phosphorus and pro-
tected from dust during storage.

Commercia] detergents ghould never

be used.

1f HEC12 18 used as a preservative,
it interferes if the chloride level of
the sample is less than 50 mg C1/liter.
Spiking with NaCl 16 then recommended.
Low total phosphori® values have been
reported because of possible adsorption
- of phosphorus on iron, aluminum, man-
ganese or other metal precipitates
formed in walstewater samples.

a Filter such samples after digestion
and redissolve the metal hydroxides
that form with 2-3 drcps of the 11 N
sulfuric acid used in the hydrolysis
step. .

b Filter thinugh phogphorug-free

0. 45 micrometer pore gize cellulose
tilters, See Standard Methods, (7)
page 472 about washing filters before
uae, since the disca can introduce
significant phosphorus contamination.

o

inorganic + -
oxidizable organic

phospi

horus

compounda

PE

The total phosphorus procedure réquires

a pH.adjustment with a pH meter. Buffcrs
made with phosphates are used to calibrate
the meter in the applicable range. The
meter electrodes must be thoroughly flushed
free of buffer hefore their use with phe~-

phorus test solutions. Otherwise, significant

phosphorus cnntamination will result,

Others have r¢ported interference from

arsenic, arsenates, chlorine, chromium,
sulfides, uitrite, tannins, lgnin and other
minerals and organics at high concentrations.

Precision and Accu rlcy(s)

1

Organic phosphate - 33 analysts in
19 laboratories analyzed natural
water samples containing exact in-
crements of organic phosphate of
0. 110, 0.132, 0,772, and 0.882 mg
P/liter. - .

Standard deviations obtained were
0.033, 0.051, 0,130 and 0.128 _
respectively,

Accuracy results as blas, mg p/liter’
were: +0.003, +0.016, +0.023 and
- 0. 008, respectively,

Orthophosphate was determined by
26 analysts in 16 laboratories using
samples containing orthophosphate
in amuunts of 0. 029, 0.038, 0,335
and 0,383 mg P/liter.

Standlx:d deviations obtained ‘;ere

" SdIOIO. 0.008, 0,018 and 0.023 respectively.

. . 11-7
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+  Accuracy results as bias, mg P/liter
were -0.001, -0.002, -0.008 and
-0.007 respectively.

D Automated Methods

The EPA Manu~l also contains a procedure

for the automated colorimetry method using
ascorbic acid as the raducing agent.

VI VARIABLES IN THE COLORIMETRIC
PROCEDURE -

Several important variables affect
formation of the yellow heteropoly

acid and its reduced form, molybdenum
blue, in the colorimetric test for P.-

A Acid Concentration during color develop-
ment {8 critical. Figure 2 shows that
color will appear in a simple containing
no phosphate if the acid concentration
is low. Interfering color is negligible
when the ‘normalRy with respect to
HZSO4 approaches 0.4, - T

1 Acid normality during color develop-
ment of 0.3 to slightly more than
0.4 is feasible for use. It is prefer-
able to control acidity carefully and *
to seek a normality closer to the
higher limits of the acceptable range.

2 It is essential to add the acid and
molybdate as one solution.

3 ‘The aliquot of sample must be
neutralized prior to adding the
color reagent.

o2 0
H2504 NORMAUITY

Figure 2'

0-PHOSPHATE COLOR
VS ACIDITY

Cholce of Reductant - Reagent stability,
effective reduction and fireedom fromn
deleterious 8ide effects are the bases
for reductant selection. Seyeral re-
ductants have been used effectively.
Ascorbic acid reduction is highly
-effective in both marine and fresh water.
It i3 the remctant specified in the

1 NPDES procedure.

Temperature affects the rate of color
formation. Blank, standards, and
samples must be adjusted to the same
temperature (¥ 19C), (preferably room
temperature), before addition of the
acid molybdate reagent.

Time for Color Development must be
specified and conaistent. After addition

of reductant, the blue color develops
rapidly for 10 minutes then fades grad-
ually after 12 minutes.

.
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Vil DETERMINATION OF TOTAL , . 4 Instrumentation and automation have

PHOSPHORUS , required adaptation df methodology. .
A% Determination of total phosphorus +B Analysts have tended to work on tus‘r own .
content involves omission of any special problemns. If the method
filtration procedure. It utilizes the acid~ apparently served their situations, it was
hydrolysis and persulfate treatments usad. Each has a "favorite" scheme that
» to convert all phoaphorus forms to the * may be quite effective but progress
test-gensitive orthophosphate form. towaid widespread application of "one"
method has been slow. Consecquently. ,
B Determining total phosphorus content many methods are available. Reagent
. ylelds the 1..08t meaningful data since ‘acidity, Mo content, reductan. and
the verious forms of phosphorus may separahon techniques are the major
change from one form to amother in a variables, .
short period of time. (See part V, B1) ' .

C The persulfate Higesﬁon and single reagent

° (ascorbic acid) method described in VI
X DEVELOPMENT OF A STANDARD above is the only method currently
- PROCEDURE listed in the Federal Register "List of
. A d P dures" for NPDES
Phosphorus analysis received intensive | r:::;::emen::‘ce F
investigation; coordination and validation of E
d
methods {s more difficult than changing ACKNOW LEDGMENT:

technique.

.
Materials in this outline include significant
portions of previous outlines by J. M, Cohen,
L. J. Kamphake, and R. J. Lishka. Imporiant
contributions and assistance were made by
R, C. Kroner,, £, F. Barth, W, Allen Moore,
Lloyd Kahn, Clifford Risley, Lee Scarce,
John Winter, and Charles Feldmann.

A Part of the problem in methods arose
because of changes in analytical objectives
‘such as:

1 .Methods suitable to gather "survey"
information may not be adegnute for
"'standards",

(3]

Methods acceptable for water are not

necessarily effective in the presence REFERENCES
of significant mineral and organic

interference characteristic of hydro-

soils, niarine samples, organic 1 ¥
sludges and benthic deposits, . Jengui?::'m[e)argf 'u:: iﬁ'dy:{snﬁen? ods
Preservation of Phosphorus Forms
3 Interest has been centered on "fregh" g’ef,':f,,’f'}‘::fé’fﬁ:ﬁ';’;’:ﬁ?br%;:ﬂ.v
water. It was essential to extend them SERL Report No. 85-18, University
for marine waters. of California, Berkeley, Calif.
November 1885,

~1
Gy
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Phosphorus in

Gales, Morris E., Jr., Julian, Elmo C. '
and Kroner, Robert C,, Method for .
Quantitative Determination of Total
Phosphorus in Water. JAWWA 58:

(10) 1363. October 1866.

3 Lee, G. Fred, Clesceri, Nicholas L. and
Fitzgerald, George P., Studies on the
Analysis of Phosphates in Algal Cultures.

Int, J. Air & Water Poll. 8:715. 1865,

~

Barth, E, F, and Salotto, V. V.,
Procedure for Total .Phosphorus
in Sewage and Sludge, Unpublished
Memo, Cincinnati Water Research

Laboratory, FWQA. April 1866.

5 Moss, H: V., (Chairman, AASGP
Committee) Determination of Ortho
Phosphate, Hydrolyzable Phosphate
_and Total Phosphaté in Surface Water,

JAWWA 56:1563. December 1858,

Methods for Chemical Analysis of "Vater
& Wastes, EPA, MDQARL, Cincinnati

Ohio 45268. 074, ;

4

7 Standard Methods for the
Examination of Water
and Wastewater, "14th ed.,
APHA-AWWA-WPCF,
Washington. D.C,. 1876.
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This outline was prepared by Ferdinand J.

Ludzack, former Chemist, National Training
Center, and by Audrey D, Kroner, Chemist,
National Training and Operational Technology
Center, MOTD, OWPO, USEPA, Cincinnati,
Ohio 45268, : !

!

Deecriptors: Cherfical Analysis, Nutrients,
Phosphates, Phosphorus. Phosphorus Comp

Phosp 1
Pollutant Identification, Sampling, Water
Analysis., Water Pglutlon Sources{
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CONTROL OF INTERFERING IONS IN FLUORIDE DETERMINATIONS

i The principal gource of error in fluorife II Whenevér the quantity of interfering ions
analysis {a the presence of interfering ions, in the water 18 sufficient to cause an error of .
This is particuiarly true in the colorimetric 0.1 ppm fluoride or more, or whenever the
methods, us can be seen from Table I which analysis i8 unkncwn, these interferences must
liats sBome lons commonly. found in water and ‘be removed or their effects diminished by one
their affect on the Standard Methods fluoride of the following methods:
analyses. N .
X A If the interferences are known to be -caused

A In colorimetric analysis, one of the by chemicals added.during treatment in the

mechanisma by which these {ona cause water plant, they may sometimes be avoided

error i the changing of the reaction rate, by appropriate selection of a sampling

Since the determination is based on color - point within the plant. ,

development, variations in reaction rate - . . '

cause variations in fluoride reading, B In some cages the water sample can be

. diluted to bring the level of an interfering

B, Some {ons complex with-either fluoride, ion below the critical point. This procedure

in all methods, or with zirronium, in the is applicable ogly when the fluaride level is

colorimetric methods, When fluoride ia . sufficiently high to permit accurate ‘antilyais

complexed, low results are obtalned, . . on the diluted sample.

and when zirconium is complexed, the . )

intensity of color is altered, i C When the identity of the interfering ion is

. known, it may be poasible tc select an

C Chlorine bleachea out the colors of dyes, analytical method which has adequate

and must always be removed before thc tolerance for that ion. y

. sample can be analyzed colorimetrically. 4 - . "

TABLE I, INTERFERENCES

c ation of Sub , in Mg/L, Required to
Cause an Error of Plus or Minus 0.1 Mg/L at- v
1,0 Mg/L F,
. ; )
SPADNS Electrode . -
Alkalinity * 5,000 () 7, 000 (+)
Aluminum ) D1 () 3,0 (-)
Chloride . . 7,000 (4} 20,000 (-
Iron v Y 10 (-) / 200 (-)
Hexametaphosphate .0 1.0°(+) >50, 000
Phosphate -, 16.(#) >50,000 -
Sulf.te . . . IRER 50, 000 (-) ° )
Chlorine Flugt 1.- ¢ -mpletely
b ‘Removed W ith Arsenite> 5,000
' Color & Turbidity Must Be Removeud or )

Compensated For:* oee R

*Above Figure is for Immediate Reading, Allowed to Stand Two'ﬁburu
Tolerance is 3,0 Mg/L. 1'our Hour Tolerance ias 30 Mmg/L.

CH. HAL.f, 34b. 11,77 . . - 12-1

: ) - 8
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Caqntrol of lr;ter,ferlng lons

D

F

1

When the composition of the unfluoridated

r i8 known and constant, equivalent
quantities of interfering ions can be added
to the fluoride standards, thereby neutral-
izing the effect of thoge tons,

In all other cases the water sample must
be distilled. As can be se®n from Table I,
distillation will seldom be ngcessary when
the electrode method is used.

The principle of the distillation process

is the converslon of fluoride to the volatile
acid, 351!-‘5, in the presence of sulfuric -

acid an

silica (glass beads). The flussilicic.

acid distills over, leaving most of the inter=.
fering ions behind.

A

The apparatus used ig illustrated in
Figure 1. It consists of a distillation
flask, connecting tube and condenser. For
convenience, apparatus with groynd-glass
joints is used, but a simpler arrangement
using rubber stoppers, is satisfactory
{Figure 2); L3

The critical features of the apparatus are
the diameter of the connecting tube, the
immersion of the thermometer, and fit of
stoppers and/or ground-glass joints.

‘1  The diameter of the connecting tuba

must be large enough to precl..de ive
carryover of +ibbles.

2 ‘The thermometer must be poslnoned low

‘enough so that it will always be immersed.

3 Storpers and joints mugt be tight enough
to prevent the loss of fluoride- conta(nlng
“vapor.

The Distillation Procedure i8 Carried
Out as Follows:! .

1 Prepare the still by placing 400 ml dis-
tilled water, some glaas beads and then
200 .l concentrated acid in the flask.
Add the acid slowly and stir thoroughly.
After all the acid has been added, stir
again until the mixture is homogeneous.

2 Connect the apparatus as shown in the
drawing, start water thrcugh the con-
denser and begin heating slowly, 1If
bumping occurs, the acid-and water have
not been mixed sufficiently. When
boiling ptarts, heating may-be increased.

12-2

Continue heating until the temperature
reaches 180°C, Discard this distillate,
since it contains traces of fluoride from
the acid and glassware.' This prelfm-
inary proredure also servesto adjust the |
acid-water ratio for sabsequentdlsmlations.

Allow the flask to suol unile the temper- |
ature drops to 120° C or lower. Measure
out a 300-ml sample and add it t> the
flagk.” Mix thoroughly. .

Distill as heforc until the tempcrature
reaches 180°C. Retain the digtillate
{there should be 300 ml) Tor colorimetric .
determinations.

The distillation process must be cariied
out very carefully, since there are
several possible sources of difficulty,

1

N

2

The flameé under the distillation flask
must never touch the sides of the flask
above the liquid level. Superheating
of the vapor results in high sulfate

. carryover which causes a sulfate inter-

ference.
All stopperand Joints must fit tightly
te prevent loss of fluoride.

Flask contents must be thoroughly
mixed to prevent bumping.

Distillation must be stopped when the .
temperature reaches 180°C. Higher
temperatures result in oxcessive
sulfate carryover.

Silver sulfate, at the ratic of 5 mg/mg

of Cl, should be added when high-chloride \
samples are distilled. The presence of
silver inhibits’ the volatilization of HC1
which, in sufficient quantity, could ,°*
.interfere with the fluoride determination.

When high-fioride samples are distilled,
repeat the distillation using 300 m) of
disttlled water. Analysis of the distiHate
will indicate how coniplete the fluoride
recovery was. If suhstantial amounts

of {luoride appear in the second distillate,
add the quantlty tc that obtained initialiy
and flush again. Quantities of legs than
0,1 ppm F (0,03 mg) may be d(sregarded.

Because of the simplicity of apparatus and
procedure, the distillation procedure can
be readily automated. Modificaiions in-
clude magnetic stirring anc a thermostat
which turns bff a quartz heating mantle _
when the correct temperature has been”
reached.

81 v
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Control of Interfering lons

1V COMPLIANCE METHODOLOGY

This outlire was prepared by Dr. E. Bellack,
A NPDES/Certifications Office of Water Supply, EPA, Washl;gton. D.C.

Manual distillation is not required if !
comparability data on representative
effluent samples are on company file
to show that this preliminary distilla-
tion step is not necessary. However.

manual distillation will be required Descriptors: Analysis, Chemical Analysis.
to resolve any controversies, Fluoridation. Fluorides. Fluorine. Water
: Analysis.

Erther an ion elect-ode or the SPADNS
n°-.thod ma: be used for the fluoride

deter niination  Th 2 automated complenun-
method is .10 upproved.

onrnnking Wa o
« celiminary aistilltion is required if

. the SPADNS method is used. Itig niv
vequired if the won electrode is used.

HETERENCES

1 Standard Methods for the Examination of
Water and Wastewater, 14th Ecition.
p.389. 1976.

2 Bellack. E, Simplified Fluoride Distillation
- . Method. JAWWA 50:530. 1958.
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AMMONIA, NITRITES AND NITRATES

The presence of large quantitiea

. ' . indicates a source of wastewater
I SOURCES 4ND SIGNIFICANCE OF pollution,
. AMMONIA. NITRITES AND NITRATES N
IN WATZR C. Nitrates

L o

The natural occurrence of nitrogencom- 1 Occurrence

pounds is best demonstrated by the nitrogen

cycie (Figure 1). Nitrate formers convert nitrites

under aerobic conditions to nitrates
{nitrobacter). During clectrical
storms. large amounts of nitrogen
(Ng) are oxidized to form nitrates.

A Ammonia

! Occurrence . Finally, nitrates can be found in
Ammonia is a product of the micro- fertilizers.
biological decay of animal and plant
protein. Inturn, it canbe used 2 Significance
directly to produce plant protein. R
: Many fertilizers contain ammonia. Nitrates in water usually indicate
' th~ final stages of biological sta- '
2 Significance: pilization. Nitrate rich effluents

discharging into receiving waters
can, under proper environmental
conditions. cause streas to stream
guality by producing algal blooms.
Drinking water containing excea-
aive amounta of nitratea can cause
infant methemnoglobinemia.

The presence of ammonia nitroJen

in raw surface waters might indicate -
domestic poilution. Ita presencein
watere ased for drinking purposes
may require the addition of large
amounts of chlorine in urder tu
produce a free chlorine reaidual.

The chlorine wiil firat react with

. ammuma toform chloramines be-
fore it ~xerts its full bactericidal Il PRESERVATION OF AMMONIA. NITRATE

effecta {(free chlorine reaidual. AND N!TRITE SAMPLES{

A if the aample ia to be'nnalyzed for Ammonia.

B itrit
Nt ? Nitrate or Nitrite, cool to 4°C and analyze

i Occurrence . witnin 24 houra.

Nitrite nitrogen occura in water B For Ammonia and Nitrate. the storage time
as an intermediate stage in the can be ext.nded by lowering tn: sample pH to

‘ bidlogical decompoaitionof organie lesa than 2 by the addition of concentrzted
nitrogen. Nitrite formers (nitro- aulfuricigcid and storing at 4°C, (2.ml of acid
somonas) convert ammonia uhder per ll:?n usually sufficient. Check with
aerobic conditionstonitrites. The pl} papér). .
bacterial reduction of nitrates can )
also produce nitrites under anaero- C Mercuric cnloride is effective as a preservative,
blc conditions, Nitrite ia used as . but its uae ia discouraged because:

a corrosion inhibitor in industrial . .

process water, ’ 1 The Hg ion interferes witn some of the
nitrogen tests, :

2 Significance

Nitritea are usually not found in 2 The Hg presents a disposal problem.

surface water to a great extent. " "’ )
D Even wnen "preserved", conversion from one

nitrogen form to another may occur. Samplea
should be analyzed as soon as possible.
CH.N. 6g. 11.77 8{- !
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Ammonia, Nitrites and Nitrates

THE NITROGEN CYCLE

Figure 1
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1l DETERMINATION OF AMMONIA

A Nesslerization °

1 Reaction -

Nessler's rdagent, a stron,
a'kaline solution of potasai
mercuric iodide, combi
with NH3 in alkaline s
to form a yellowish
colloidal dispercion.

2K;Hely + NE3 + 3KOH —oms

4
Hg/

No + TKI + 2Hp0 -

H<
NH, -
Yellow-Bro' 'n

The intenaity of the color
follows the Beer - Lambert L
and exhibits maximum absorp-
tion at 425 nm.

2 Interferences

8  Nessler's reagent forms
a precipitate with . .e
iona (e.g., Ca* v+t
Fe**™, and §®), .nese
ions canbe elimina*2d ina
pretreatment floc ~u-a-fun
atep with zinc sultate and
alkali. Also, EDTA or
Rochelle salt solution pre-
vents precipitation with

_Ca*t or Mgtt, ,
b Residualchlorine indicates

N . ammonia maybe present
inthe form of chloramines.
The addition of godium thio-

. sulfate will convert these

chloramines to ammonia.

. ¢ Certainorganics may

.o produce an off color with
. o . Nessler's reagent. If
these compounds ar« not

ERIC
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Ammonia, Nitrites and Nitrates _

interference
e distillation

steam distillable.
may be eliminated

method.

d’ Many organic and inorga.... lhpu'.fnds'
cause a turbidity interfere . -« lis
colorimetric. test. Therefor. ~t

nesslerization is not a recog '
«thod. ‘The following dist’
~ocedure i8 & required, pr + - .
- *ment.

B Distit . (6. 7. 8)
1 Renerie,

2 Tk sample is distilied in
s pre3enceofa borate
vuffec- at pH 9,5

NH, +—2 o Ny + H¥

H* + Nuy B4O; —=——> 0H 9, 5 maintained
. Buffer

b The smmonia in the dis-
tiliat : is then measured by
cither of two technijues. .

1) Nesslerization ig'used
. . for samplea :cntaining
less than 1 1:./10f
s ammonia nitrogen,(s' 7. 8)

2) Absorptionof NH3 by
boric acid :nd back ti-
tration with a atar<ard
at,ong acid is mure
sultable for samples
containing more than
1 mg NH3~N/1(6. 7, 8)

NH3 + HBOp ———— “Hg* - BO,"
- +_Methyl Red y
BO,” + "= 78S, ypo,
Methylene Blue

pH7.6-8.0 pH 6.8 - 7.0
Green Purple

121
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2 Interferences B

. Cy
.a Cynate may hydrolyze. even at
pH 9. 5.

b - Volatile organics may corme over in
the distillate, causing an off-color
for Nesslerization. Aliphatic and
aromatic amthes cause positive
interference by reacting in the acid
titration. Some of these can be
boiled off at pH 2 to 3 prior to
distillation.

¢ Resi lual chlorine must be removed
by prutreatment with sodium
thiopulfate.

d If a mercury salt was used for
preservation. the mercury fon
must be complexed with sodiuin
thiosuliate (0.2 g’ prior to distil-
lation.

3 Precision and Accuracy(t)

Twenty-four analysts in sixteen
laboratories analyzed natural weter
samples containing the following
amounts of ammonia nitrogen:
0.21, 0,26, 1.71, and 1.92 mg
NH3-N/liter.

a Precision
The standard deviation was: 0.122,
0.070, 0.244, and 0.279 mg
NH3-N/liter, respectively.

b Accuracy
The bias was: -0.01. -0.05,
+0.01, and -0.04 mg NH3-N/liter,
respectively. .

C Selective lon Electrode(®
1 Principle

A hydrophobic. gas=-permeabie mem=

brane is used to separate the sample

solution from an ammonium chloride

internal solution. The ammonia in

the samnple diffuses through the -

-

13-4

membrane and alters the pH of the
internal s.iutinn, which is sensed by
u pH electrode. The constant level of
chioride in the internal solution is
Jeased by a chloride selective ion
electrode which acts as the reference
electrude. '

Interferences

a Volatile amines are a positive
intesference.

Lt Mercury forms a complex with
ammonia 8o {t should not be usud
as a prefarvative.

Preejsion ind Accuracy

In a singl : laborato1." (EFPA) four surface
water samples were analyzed containing
the followirg 5'neunts of ammonia
nitrogen: 1.00. 0.77, 0,18, and 0,13 mg
NEg-N/1t -

a Precirion
The rtandard devia ions were 0,038, °
0.01%, 0.607. . 40.003 mg
NH3-N/liter, respecively.

b Accuracy
The % recovery oi: the 0 18 and 0, 13

concentratiun:. was 5% and 91%
reapectively.

D NPDES Ammoma Methodology

Manual distillatinn is rot recuired ir compara-
bility data on representative effluz-t samples
are on company file to show that tm,sr,‘)arglimin-
ary distillation i8 not sec:-sary. However.
manual distillation will be. vequired to resc e
any controversies., -

Nesslerization, titration. and the gelect 2 ion
electrode are all recognized metheds. The
d phenol thod i8 aisc ‘.ited.

DETERMINATION OF NITRITE

Diazotization(6+ 8

1 Reaction

a Under acid conditions. nitrite ions .
react with gulfanilic acid to form
a diazo compound.



Ammonia. Nitrites and Nitrates
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SUL.FANILICACID

Coupling
N =N
ZN
+
NP\
503H N A
reddish-purple azo
dye
2 Interfcrences v
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“L/* 2H O
pH1.4

b The diazo compound then couples
with o -naphthylamine to form an
intense red azo dye which exhibits
maximum absorption at 540 nm.

e Diazotization of Sulfanilamide
l

+
N==N

SOH

a Tnere are very few known

intérferences at concentrations

less than 1000 times that of
nitrite.

b High alkalinity (greater than

600 mg/liter) will give low results

cue to a sghift in pH,

0

3 Precision

On a synthetic sample containing
0.25 mg nitrite nitrogen/1, the ARS
Water ‘Minerals Study (1861) re-
ported 125 results with a standard

deviation of £ 0.028 mg/1.

DIAZON]UM COMPOUND

Strong oxidants or reductants in
the sample 21so give low resulls.

B NPDES Nitrite Methodology

The colorimetyic diazotization method.
either manual or automated. is the only
one cited in the Federal Register,

V DETERMINATION OF NITRATE

A Brucine Sulfate(6.7.8)

1 Reaction

Brucine sulfate reacts with nitrate

in a 13N sulfuric acid solution to
form a yellow complex which ex-
hibits maximum absorption at 410 nm.
Temperature cdntrol .of the color
reaction i8 extremely critical.

The reaction does not always follow

Beer's Law.

However. a modifica-

tion by Jenkins and Medsker(?) has
been developed. Conditions are
controlled in the reaction 8o that
Beer's Law {8 followed for concen-
trations from 0. 1 to 2 mg nitrate

N/liter.

The ideal range is from

0.1 to 1 mg NO3-N/liter.

2 Interferences

Nitrite may react the game as
nitrate but can be eliminated

by the addition of sulfanilic acid
to the brucine reagent.

Organic hitrogen compounds may
hydrolyze and give positive inter-
ference at low (1ess than ! mg/l)
nitrate nitrogen conciatrations.

A correction factor can be deter-
mined by running a duplicate of
the sample with all tlis reagents
except the brucine-sulfanilic acid.

Residual chlorine may be elimirated
by the addition of sodium arsenite. *-

Strong oxidizi.né or reducing agents -
interfere.

The effect of salinity {s eliminated

by addition of sodium chlorid. o
the blank tandards and pl

13-5
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5 Precision and Accuracy(a)

a Twenty-seven analysts in 15 lab-
oratories analyzed natural
water samples containing the
following increments of inorganic
nitrate: 0.16, 0.18, 1.08 and
1. 24 mg N/liter.

‘b Precision results as standard
deviation were 0. 092, 0.083,
0.245, and 0.214 mg N/liter
respectively.

¢ Accuracy expressed ag bias was
=0.01, +0.02, +0,04 and + 0. 04
mg N/liter, respectively.

B Cadmium Reduction(6: 8) o —

' Reaction

A non-turbid sample is passed through
a colunus vunii.ning granulated ©
copper-cadmijum to reduce nitrate

to nitrite. The nitrite (that originally
present plus reduced nitraté) is deter-

mined by diazotizing with sulfanilamide .

and coupling with N-(1-naphthyl)-
ethylenediamine dthydrochloride to
' form an intensedy colored azo dye

which is measured spectrophotometrically.

To obtain the value for only nitrate,
more of the non-turbid sample is tested
using the same colorimetric rex«tion
but without passing it through the re-
duction column. The resulting value
represents the nitrite originaliy present
in the sample. Subtracting this nitrite
value for the non-reduced sample from
the nitrate + nitrite value for the re-
duced sample gives the value for nitrate
originally present in the sample.

2 Interferences

a Build-up of suspended matter in
the reduction column will restrict
sample flow. Filtration or floc-
culation with zine sulfate should
remove turbidity.

b High concentrations pf iron.
copper-or other 1§ may
. interfere. EDTA is used to

: complex these.

¢ Large concentrations of oil and
grease in a sample can coat the
surface of the cadmium. Pre-
extracting the sample with an
organic solvent removes oil and
grease.

3 Precision andvaccuracy(s)

In 11 laboratories, three samples
were analyzed containing the follow-
ing amounts of nitrate nitrogen:
0.05, 0.5, and 5 mg

NOj3-N/liter.

a Precision
The relative standard deviation
was 96. 4%, 25.6%, and 8. 2%,
respectively.
b Accuricy
The relative error was 47. 3%,
6.4%, and 1.0%, respectively.

4 Automated cadmium reduction

Standard Methods(5 and the EPA Methods
Marual(8} contain details for the aut -
mated prcedure. :

C Hydrazine R-~.Mction

>

A method using hydr:. ine 0 reduce -
nitrate to nitrite follcwed by subsequent
measurement oi nitrite by diazotization
was reported oy Fishman, et al,

The means to letermine nitrate is the

_“same as above in the Cadmium Reduction

Method. Subtraction of nitrite (deter-
mined from non-reduced sample) from
the total nitrite (reduced nitrate +
original nitrite) will give the original
nitrate nitrogen concentration.

The procedure was adapted to %he Auto
Analyzer by Kamphake, et al. 3

It is available from Environmental
Monitoring and Support Lahoratory.
U.S. EPA, Cincinnati, Ohio., '45268.
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D Compliance Nitrate Methodology
1 NPLDES/Certifications
The Federal Register lists the brucine
sulfate, cadmium reduction and auto~

mated cadriium reduction or hydrazine-
reduction methods.

2 Drinking Water
The Federal Register lists the

brucine sulfate and the manual
cadmium reduction methods only.

REFERENCES -

1 Fishman, Marvin J., Skougstad. Marvin
W.. and Scarbio. George. Jr. Diazotiza-

tion Method for Nitrate and Nitrite. JAWWA

56:633-638 DMlay, 1960, -

2 Jenkins., Davi~ and Medsker. Lloyd L,
Brucine Metl.od for Determipation of
Nitrate in Ocean, Estuarine and Fresh
Waters. Anal. Chem. 36:610~612.
March. 1964.

This outline was prepared by B, A,
Punghorst, former Chemist, and C. R.
Feld Chemist, and updated by A, D.
Kroner, Chemisi, National Training aad

‘Operutional Technology Center, MOTD,

OWPO. USEPA, Cincinnati, Ohio 45268

Descriptors; Ammonia, Chemical Analysis,
Nitrates, Nitrites, Nitrogen, Nitrogen
Compounds, Nitrogen Cycle, Nutrients.
Water Analysis, Water Pollution Sources

Kamphake. L, J., Hannah. S. and Cohen. J.
Automated Analysis for Nitrate by Hydrazine
Reduction. - Water Research. 1, 205. 1967.

4 Lishka, R. J., Lederer, L. A., and
McFarren, E. . Water Nutrients No. 1,
Analytical Reference Service 1866.

5 Sawyer, Clair N. Chemistry for Sanitary
Engineers. McGraw-~Hill Book Co..,
New York. 1960, -

4

6 Standard Methods for the Examination of
Water and Waste Water. APHA, AWWA.
WPCF. 14th Ed. 1976.

7 ASTM Book of Standards, Part 31, 1875.

8 Methods for Chemical Analysis of Water &
" Wastes. EPA-MDQARL, Cincinnati, ©hio
45268. 1874,
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SOLIDS RELATIONS IN POLLUTED WATER

I MPN, oxygen demand, and solids have
been major water pollution control criteria
for many years. This diszussion is con-
cerned primarily with solids and their inter-
relations with oxygen demznd.

A Engineered treatment or surface water
self-purification depende upon:

1

The conversion of soluble or colloidal

contaminants into agglomerated masses

that may be sgparned from the water.

soluble and more available for high
rate oxidation upon.fecdback into oxy-
gen containing water.

IO A given wastewater may have several
forms of solids in changeable proportions
with time and conditions.

A Solids may be classified among the charted
forms according to biologicai. chemical
or physical properties. It is not possible
to precisely classify a given material into

27 Oxidation of putrescible components
into stable degradation products.

3 Item 1 is the major concern in most

any one form becauvse they usually are
mixtures that may include or be converted
into other forms.

treatment systems because item 2
requires a greater investment in time,
manpower and capital costs.

B Stress on oxygen demand removal fre-
qQuently results {n an unduly small amount
of attention to the contribution of solids
in the oxygen demand picture.

1

(3]

Oxygen demand formulations generally
are specified to be applicable in the
absence of significant depositicn.

Increasing impoundment, tidal estuaries,

and incomplete golids removal, gener-

ally ensure that solids deposition will be

significant.

The BOD test stresses the fraction of

oxygen demand that is exerted r.latively
rapidly. It includes only the fraction of

unstable material that i8 exerted under

test conditions - usually short term un-

der aercbic conditions.

Contributions of a bed load of solids to
oxygen d d frequently are ince
pletely recognized because they have a,

more local effect, are difficult to measure,

tend to move, and are incompletely un-

derstood. The onset of an aerobic action
in deposited solids increases hydrolysis

rate. High molecular weight cell mass
uplits into smail molecules that are

PC.6d. 11,77

B Interrelationships are indicated by diagram
in Figure 1. Some changes occur more
readily than others. ’

1 Settleable solids generally consist of
a mixture of organic, inorganic, en-
trained. dissolved or colloidal solids
and Hving and dead organisms.

They may be hydrolyzed into smaller
sizes to aquire colloidal or
dissolved characteristics.

They may be converted into a larger
fraction of Hving material or vice
versa.

2 Colloidal golids also are likely to be a
mixture of organic and inorganic
materials, Hving or dead containing
assoclated dissolved materials.

a

They are likely to agglomerate to
form settleable maases with time
or chunging conditions.

Chemical feactions may sowubilize
the colloidal masses for recombina-
tion into other forms.

3 Dissolved sollas are the most readily
available of all forms for biological,
chemical or physical cORversion.

14-1



Solids Relations in Polluted Water

agglom-
eration

Dissolved

Cell Mass

death
Brow

Dead Organic

Inorganic

Figure 1. SOLIDS INTERRELATIONSHIPS IN WATER *

a They may be assimilated into cell -
mass to become colloidal during a
state of rapid growth or form settle~
able masses. during slow growth,
Surface phenomena are likely to en-
rourage inclusion of other forms of
solids with cell mass. °

C Stabilizaticn occurs with each conversion
because energy is expended with each
change, "

1
1 Biological changes involve oxidation to
obtain enough energy to synthesize cells,

- < i
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|
Prbducts consist of cell mass and
defrndalion products.
Oxidation tends toward production
of{COp, HaO, NO3, SO4 Zetc. CO,
has limited water solubility.and
prtinlly leaves the agueous environ-
ment, - More soluble constituents
tend to remain with it for recycle.

Biological residues tend to recycle.
Eventually the mases consists of
relatively inert and largely insolu-
ble residues, These make up the
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bed lgzd that imay decompose at a
rate of less lhan 1% per day, but
nccu.mu.lates in mass until it be-
comes dominant in water pollution
control activities.

Il Treatment is an engineered operation
designed to utilize events in surface water
self-purification in a smaller packsge in
terms of space and time. Effective treat-
ment presupposes oxidation either in the
plant or in facilities to minimize reed.back
of solids comp 8 to the aq
environment. . -

a

A Primary treatment consists of a separation

of floatable or settleable sohda and re-
moval from the used water, ~

I Prompt removal is essential to minimize
return of solubilized or leached materi-

- als from the sludge mass,

2 Sludge and scum are highly putrescible
and difficult to drain.

3 Subseqient treatment prior to disposal
serves lo enhance drainability,and reduce
solids or volume for burial or buriting,

B Secondary treatment generally involves

some form of aerobic biological activity
to oxidize part of the colloidal and dis-
solved contaminante and conver most of
the remainder into a settleable sludge.

1 Aerobic systems favor ass::ailation of
nutrients into cell mass at the expense
of part of the availeble energy repre-
sented by oxidation to products such as
CO2 and water.

2 Cell mass and intermediate deg: adation
products are only partially stabilized
and tend to recycle with death and decay.

3 Rapid growth of cells tends to produce '
sludges that are highly hydrated and
difficult to concentrate’

£ A compramise‘ must be reached. to pro-
duce a favogable balance among separa-
‘tion of solids and feedback of lysed
mnterials.

94

a Cell growth continues as long as
energy and nutrients permii.

b Under lumung nutrient conditions
the population may show a relatively
low rate overall dieofi but varl.ety

is changing.

¢ Species most favored by the new con-
ditions tend to grow while others
die, lyse and release part of their
stored nutrients for subsequent use.

C Anaerobic digestion of solids separated

during treatment is one process used to
increase solids stability and drainability
while reducing total volume or mass for
dispoaal, .

1 Growth of cell mass is relauvel;' slow
under anaerobic conditions while hy-
drolytic cleavage is relaiively iarge

-in comparison to that during gerobic
metabolism,

.3 Feedback to the aqueous environment
represents a significant fraction of
the irput in the form of ammonia,
colloidal solids, low molecular
weight acids, and other products.

b Mass of the sludge is reduced by the
fraction of methane, carbon dioxide,
and other gases produced in process.

¢ Remaining solids tend to be morc
concentrated, are lower in putrelci- -
bility and give up their water moré
readily.

2 The liquid fraction of the products re-
maining after anaerobic digestion con-
tain nutrients, oxygen demand, solids,
and malodorous constituents that are
objectionable in surface waters if re-
leased without further nerobic
stabilization, '

3 Digester liqulds are much more con-

centrated than raw sewage and nutrition=
ally unfavorable, hence they are difficult
to treat and tend to shock aerobic
treatment processes.

. 14-3.
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D Suitable disposal of solids resuliing from
treatment operations takes various forms
of which the most desirable {s to oxidize *
it completely to gaseous products of oxi-
dation or inert agh, The objective is to
limit feedback iuto the environ-

q

ment and delay the charted interchanges.

1 Deposition of sludge as a cover @ crop
land is effective providing surface
drainage is properly designed to Mmit
washoff.

2 Burial in areas above the flood plain
provides a guitable disposal. -

3 Incineration under controlled con-
ditions to produce complete burning
of organics {8 effective but requires
close control.

a Incineration of digested sludge is -
feasible but the, digestion process
results ir. removal of part of the
heat content of the sludge as meth- |
ane, carbon dioxide and water. Aux-
ilary heat may be required for water
evaporation if solids concentration 18
below 25%.

b Raw sludke incineration relieves
the auxilary heat problem but stor-
‘age may lead to odor problems, The
raw sludge may require chemical
treatment to enhance dewatering,
Secondary sludges are more diffi-
cult to dewater and may require
centrifugation, floatatiod, or other
treaiment to concentrate the sludge for
heat balance purposes,

¢ Incineration requires close control
of complex equipment to maintain
acceptable environmental control.
Usually, after-burners and off-gas
scrubbers are siecessary to avoid
air pollution,

14-4

IV NPDES METHODOLOGY FOR SOLIDS

In the Federal Register "List of
Approved Test Procedures” for NPDES
requirements there are five classifica-
tions of solids 1isted as '"residues’ with-
one method to determine each:

A Total Residue, myg/liter

Gravimetric 103-105°C(1)(2)

B Total dissolved (filterable) residue,
mg/liter |

Glass fiber filtration 180-¢ 112}
C Total suspended, (non-filterabie) resicue.
mg/ liter

L 2
Glass fiber futration 103-105°C .

" D Total volatile residue, mg/liter .

Gravimetric 5500(; (2

E  Settleabls: residue, mlfliter or mg/liter

Volumetric or gmv‘.metric(”
REFERENCES

1 Standerd Methods for the E ination of
Water and Wastewater, APHA, AWWA,
WPCF, '14th Ed. 1876..

2 Methods for Chemical Analysis of Water
and Wastes, EPA-AQCL, CTincinnati,
Ohio 45268, '1874.

‘¢ .

This cutline was prepared by F. J. Ludzack,
former Chemist, National Training Center,
MOTD, OWPO, USEPA, Cincinnati, Ohio 45268.

. N
Descriptors: Anaerobic Digestion, Oxygen,
Oxygen Demand, Sludge, Sludge Disposal,
Sludge Treatment, Solids, Waste Water
Treatment, Water Polluti?n Sources
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TURBIDITY

1 INTRODUCTION - 1

'mrbidiiy n‘: wat?r quanty index refers
to the degree of cinudiness present.
Conversely. it is an index.of clarity.
‘A Definttion'"’ ) :
Turbidity is an expression of the optical T2
Property that causes light to be scattered
and absorbed rather than transmitted in
straight lines tnrough samples of water.

B Relati hip to Suspended Sol'ds T3

This optical property, turhidity, is

caused by suspended miatter. The _size.
shage and reflection/absorption
properties of that mattar (not-its weight)
determine the degree of pptical effects, 4
It is very possible to have water with
high turbidity but very low mg/1 sus-
pended solids. Thus one cannot use
turbidity results to estimate the weight
concentration and specific gravity of the
susperded matter,

C Causes
1 clay, sand
" 2 " silt, ‘erosfon products.. i

"

3 micre pic and macrx p

c .
organisms . N

4 finely divided organic products

5 others E Criteria for Standards

D Effects on Water Qunlnym) - 1

Turbidity is an indicator of possible’

suspended matter effects such as _

impeding effective chlorine disinfection

and clogging fish gills. However, the

following list is limited to those effects

associated with the optical (chrlty)

nature of turbidity. . -2

CH. TURB.2.11,77 9

‘o'ao o

Reduci.nz clarity in water

drinking waZer quality .

food processing

industrial processes ° . »
fish (8ceing natural food)
‘swimming/water sports .

Ob;scurlng .;bjects in“water

a submecged haurds -
b water eports ..

Light penetraﬁnn

a” affects depth of cqmpenantion
point for .photosyrthetic activity
{primary food proouction).

-

Thermal Effects

High turbidity causee near surface
waters to become heatkd because of,
the heat absorbancy of the particulate

, matter.

a Results in lower rate:of oxygen”

transfer from air to wate:r.,

b Stabilizes water coldm_n'and
prevents vertical mlxirxg.

1 decreases downward dispersion
of dissolved oxygen

2 decreases downward dispersion
of nutrients

(2)
Finished Drinking Water - Maximum

of one unit where the water enters %
distyibution system. The proposed

standard is one unit monthly average and
" five units average of two consecutive days.

Under certain conditions a five unit

monthly average muy apply at utnte option.

For Freshwater Aquatic Life and
Wildlife = The combined effect of color
and turbidity ;hou]d_not\ change the

e

15-1
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ce
éompensalion point more than 10%
from its seasonally established
norm, nor should such a change

© place more .aan 10% of the biomass of
photosynthetic organisms below the
compensation point.

3 Turbidity Criteria Used by Industries:
a Textiles - 0,340 5 unilé
L Paper and ullied products - Ranges
from 10 to 100 units. depending on
type of paper. .
.C Canned. dried and frozea fruits and

- vegetables - Same as for finished
drinking water (I turbidity unit).

" E Processes to Remove Turbidity (Sulids)

“Coagulation

a pre-chlorination enhances coagulation
. »

Sedimentation

L

w

Filtration

-2 Aeration

VISUAL METHODS TO ESTIMATE
TURBIDITY ' -

A Early Efforts

In the early 1900's. Whipple and Jackson
measured turbidity and developed a calibra-
tion. scale for turbidity instruments.

8 Jackscn Candle Turbidimeter

Later Jackson developed apparatus

which utilized 'be same "extinction’ -
, Principle asz thr instrument devised.

earlier with Whipple.’ ‘

5 Othera . =

N

1 Instrument

Glan tube

-
moral Tube  *

Suppor -

Spting.loaded
Cylinder,

T
Figure | JACKSON CANDLE
TUR!IDIVMETER

3 [£)

The sample was pouredhb a flat-
bottomed. graduated glass tube
held over a spetial candle., A

. turbidity reading was taken when .
the operator. observing from the
top of the tube. saw the image of the
can?le flame disappear into a uniform
glow. The reading rqlated the final
depth of sample in the tube with tube
calibrations nbtained from a standard’
suspension solution.

2 Stangard Suspénsion - /

P standurd was a suspension of

silica prepared from Fuller's or

diatrv 2ceous earth. This was

di'-..- ' prepare a series of

stanus. v suspensions to graduaté

the kv cidemete =, Graduations on all

Jackson 1., ilimeta 8 are made in

conformity to dila urigi ! data.

Other suspensions zre s:cadardized by,

using the pre-calibraiced wrbidimeter and
" diluting _accoriing?-,. :

3 Unit Used

Jackson Turbidity Unit (JTU) - parts
per m.illmn suspended silica turbidity.

°.
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- 3
4 Stnnd;-rdizution of Apparatus

The current edmon of* Smndai'd

1lethods ” contains’ specxhcah_ons
for the three essential components, |
i.e.. the elibputed glass tuqe. the
candle and. 3"%lpport.

5 Current Standard 5 xspenslon

Solunona( ! .

- -
.1 Natural turbid water from the same
source as that tested gives best ", N
results. Detérmine turbidity with -

the mstrument then dilute to values

desh’ed . oo

[N

The supernamnt of asettled sclution i
of kaqlin is also used/as a sta_ndasd. / ,

6 liniitations of Alethou

a Apparatus - difficult to exactly, M
reproduce flame as to intensity and
actual light path length. In gener.&l
it is a rather crude instrument wnh

several variables that affect accuracy. -

b Very fine suspended p?rtlcles dd not
' tend to scatter light of the longer

wavelengths.produced by the candle.

¢ Very dark and black particles can »‘
absorb enough light in comparison
to the scattering of light to cduse
"an incorrect reading ol\mage
extinction.

d Turbidities below 25 JTU cannot
‘be directly measured. For lower
turbidities (as in treated waters),
indirect secondary methods are
required to estimate turbidities?

[£]
Hellige Turbidimeter )

Thig instrument utilizes. the same
extinction principle as the Jackson
('mdle ‘Turbidimeter.

1 Equipment .

An.copal glass bulb supplies the light -
which i8 reflecte- (usually through a

- -

filtes) upward through the sample
« which is contained in a glass tube.
The entire systemn-is enclosed in a
black metal hox. The eperate- viex =
the sample by lookig downwar:! th-vugn
ar ocular tube screwed into the top of -
the box and adjfsts the brightness of a
central Yiold of light by turning a .
calibrated dial on ‘the outside of the
‘apparatud. The point of uniform light .
intensity occurs when 3 black spot in
the center of thr Tield-just disappears.

2 Range of Applicz, 3 ity L.

The 2quipment offers a ch;uce of bulbs,
fiters and valumes of sample tubes.

The variety affords .a' means to dlrec'J)
‘measure turbigity ranging from 0 through
. 150. The ranges can be extended by

- dilution. ,

3 Résults ¢ -
The final ~eading from the dial is
- translated into ppm silica tirbidity Gn.: -
by using a graph corresponding to the
bulb, filten any volume of sample used.
. ! t
4 ,Standard Suspensicn Sotion

Standardizing suspensions are not.useg

by the operatqr. The graphs are

supplied by the company for each
instrumnent. * . -

(5)

T Secchi. Disk i

This is a very simple device used in I
the field to estimate the depth of vnqlbm

* (clarity) in water. -

1" Equipmént C .

. The disk is a weighted 'ch'cular plate,
20 cm in diametér, witk opposing black
and Wiite quarters painted ‘on the surface.
The plate ie attached to a calibratéd line
by means of a.ring on is center to assure
that it hangs horizontdlly.

2 Reaci g8 -

T¢: disk i8 lowered into water until
: Jappears,. lowered farther, then
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raised until it reapp:ars, The . i !JEPHELD.\IETRIC MEASUREMENTS )
corresponding visibility dcgt.h (8) FOR COMPLIANCE MONITORING
are determined from the . - ‘ ~

calibrated line. Some read both
depths and average them. Some

The Subjectivity and apparatus
deficiercies involved in.visual methods

. rcad only the rcappearance depth. - T o-of m'.ea.wring turbidity make each
- . L. unsuitable as a standard method. .
3 Standardizing the Pro.edure . T . .
AN ’ . . . Since turbidity is an expréssion of the
There are many variables (pesition tical property of scattering or
of sun and of cbserver. roughness of absokbing light, it was natural that
. bndy of water. etc.) that affect .opticdl‘instryments with ph#tometers .
v "readings. llowever. e same - would be developed for this measurement.
observer using a standard set of . o
operating conditions can provide The type of equipraent specified for
z?f’f&:ed;:d‘ .':of\?:;P:rr:'::erm : . compliance monitorinrz( *6). | tilizes ]
. " neghelomev.r:h .
4 Appllication of Results A Basic‘Principle”) ’
<Limnologists have found it N . . ,
convenie?\t 0 establish a Secchi ’ .o The intensity of‘hght Bcattered by the

sample is compared (under defined
zonditions) with the intensity of light
scattered by a standard reference
solution (formazin), The greater the
intensity of scatteyed light, the greater
‘ the turbidity. Readings are madé and
reperted in'NTUs (Nephelometric .
Turbidity Units). : .

4 disk "factor'"™for estimating the
photic depth.where light intensity /
is about 1 per cent of full sunlight
intensity. The true photic depth ig
determined by use of a submarine
photometer and at the same time
the observer "“kes a series of -
Secchi disk : =+ iings to obtain .
average. Div' ag the true ptotic

- depth by this average gives 4 1t Schematie . *
factor which can be use to multiply | . ’
. other disk readings fu. an approxima- a S T \-
B dion of photic depth. . - pter | .
F. Status of Visual \letheds for Compliance : '
Monitoring . * L .
- Vumbegity Panic .
' The Federal Register() "List of tewa  Len A Stonm o .
_ Apprnved Methods'' does not include JJ -
any +*  se visual methods for National |, —— =
Poiir . Discharge Elimination Systen: % X 7
‘NPDES) requirements. The visual Sample Cell
methodd areé not recognized in the " (ToR Vu

Federal Register(?) issue on interim figure 2 NEPHELOMETER

D: inking Water Regulations. either., (90° Scotter)
- . > Light passes'th;-ough a polarizing lens
. and on to the sample in a cell.
. . . ., Suspended particles (turbidity) in the
© . - sample scatter the light.
15-4 .
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‘ .
I‘hotocell (s) detect light scatterc -
the particles at a angld o the ; .
. of the inciduent tigha, This light '
cnergy is comerted to an electric
signal for the meter to measure.

.
1 Direction of Entry of Incident
[ight tc.(;.(-ll
a Tht-"lamp might.be positioned as
* shown in the scnematic so the '
beam eaters.a sample horizo_mal]}".

~ b Another instrument design has the

light bzam éntering the sample
(in 3 flat-bottorn cell) in a.vertical
direction with the photocell, .
positioned accordingly at a 90°
. . angle to the path of incident light.
.
Number of Photocells ..

.

o

The schematic shows the photocell (s}

. at one 90 degree angle to the path of
-the incident light. An instrument
might utilize more than ore photocel
position. with each final position being.
at a 90 degréc angle to the sample Iiquid.

3 Meter Systems -
a The meter might measure the
signal from the scattered light
. intensity only.

b The meter might measure the
signal from a ratio ¢f the scattered
light versus light transmitted
directly through the sampletoa -~
photacell.

4 Meter Scales and Calbration

)a The meter may already be
calibrated in NTUS. In this case,
at least one standard is run in
each instrument range to be used
in order to check the accuracy of
the calibration scales.

’
« b If a pre-calibrated scale is not

-~ :supplied, a calibration curve is ~
Jprepared for gach range of the
instrument by using appropriate
dilutions of tie standard turbidity
suspension, .

s

e

1

- ..

£9°A Specifications for Instrument De&ign{ 7 .

Fven when the “u.ne suspunston is used

for calibrasion of difterent nephelometers.

differcnces in physical design of the
_turbidimeter s wili cause differences in
‘measurert-v_lues for the turbidity of the . .
same sampie, To minimize such differences,
the following design variables have been
specified by the U, S, Environmental Pratection
Agency. |, - ’

1 Defined Specifications

a_ Light Source

T.ungsten larap operated at not less
than 85% of.ratc:i vcltage an:t at not
n-ore than rated voltage, N

b Distance Traveled by Light

The total of the distance traversed

by the Lacldent light plus.scattered

light within the sample tube should N
not exceed.10 cm. .

¢ Ahgle of Light Acceptance of the
Detector .
<o )

" Detector’centered at 90° to the C
incident light path_and not to exceed

+ 30° from 9o°, B ‘
(Ninety degree scatter is specified .
because the amount of scatter varies
with size of particles at different
scatter angles).

d Applicable Range .

The maximum turbidity to be  *
meauure 1 is 40 units. Severzl ranges
will be necessary to obtain adequate -
coverage. Use dilution for samples if
+ their turbidity exceeds 40 units. .

2 Other EPA Design Specifications \~\ .
a -Stray lléht , i AS
Minimal stray light should reach the
photocell (s) in the absence of turbidity.

7)oy 155
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. Lo - . . i )
4} -
Som.c causes of stray light reaching turbidity diffecences of 0. 92 unit
N the photocel! (s) are: or less. Several ranges will be
necess:: . to obtain sufficient .
1 Scratches or imperfections in - ° sensitivity for low turbidities,

glasg cell windows,’
3 Examples of instruments meeting the

2 Dirt, film or condensation on the specifications listed in 1 and 2 above
glass, L include: -
3 Light leakages in the instrument . | a Hach Turbidimeter Model 210¢ and
system. 2100 A .
_ A schematic of these causes is b Hydroflow listruments DRT 100, 202,
- shown in Figure 3. and 1000 .
. . ~
— 4 ;)Hn-l' llll‘hl.(l.IIYI"V'.I.’l'S( 12) mcc“nt; the
: 1sted specifications are also
Mossl \ acceptable,
hid D Sources of-Ersur ~ *
Photo-ellisl
s / 1’.,». lnl: s 1 }mrred Sample Cells ’
Vi Lons System ronsmied Light
;-;'v tons \/7/”‘.% a Discard scratched or etched cells.
- N ot .
P Z AV { :
! 1(1 - A A b Do not touch cells where light
PN e s strikes then in instrumgnt,
Lghe Se, by O e i .
* n':: vao c Keep cel&)scrupulously clean. insidc

- and out.
Figure 3 NEPHELOMETER .

SOURCES OF STRAY LIGHT | 1’ Use detergent solution.
.

Stray light error can be as much

as 0.5 NTU. Remedies are close . 2 Organic solvents may also be-
inspection of sampie cells for used. .
imperfections and dirt. and good E
de:lgn which can m!.lnlmize thge : 3 Use Jeionized water rinses.
_effect of stray light by controlling ’
the angle at which it reaches the . 4 Rin:e and dry with alcohol or
sample. . acetone.
b Drift . 2 St.;ndardlzing Susnenslonsﬁ(_
X The turbidimeter should be frze: a Use'turbidity - free water for
" from significant drift after a short preparations. Filter distilled water

warm-up period. This is imperative through a 0.45 u m pore size membrane
if the analyst is.relying on a manu~ filter if such filtered water shows a

e facturer's solid scattering standard lower turbidity than the distilled water.
for setting overall instrument . .
sensitivity for all ranges. b Prepapé a new stock suspension of

- Formfzin each month.
2 ¢ Gensitivity = ) t .
i ' c Prepare a new stardard suspension <
In waters having turbidities less than’ and dilutions of Formazin each week.
one unit. the instrument should detect
\ ’ .
15-6 '
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1 Sanple Interferences A
- . ,
a Positive

1 Finely divided air bubbles_ -
b Negative

1 Floating debris

N

2 (Coarse sediments (settle)

STANDARD SUSPENSIONS AND RELATED
UNI‘I'S(Q) ) . [
‘One of the critical problems in measuring

- .
- ~ . . 14

Natural Materials
e

1 Diatomaceous eirth '

2 Fuller's earih . -

1]

'3+ Kaolin ~

—~
4 Na: u'a‘lly tura'tl w.a!ers

Such suspensions are rot suitable .

. > R as reproducible standards because there
3 Colonrec dissolved substances is no way to contrnl the size of the -,
tabsorb light) , suspended particler. .
. 4 E Reporting Results”) . B Other Materials
. . f . .
+ _NTU Record to Nearest: \ 1 - Ground glass . B
0.0-1.0 ~ - ° - 0.05 2 Microorganisms .
1-10 0.1~ 3 Barium sulfate ° .
. ¢
»* 10-40 . R | 4 Latex spheres ¢
40-100 5 Suspensions df these also proved
‘ - _ inadequate.
100-400 10 -
. - . C Formazin -
400-1000 50 . .. .
- 1 ‘A polymer’formed by reacting hydrazine .
- >1000 \ 100 sulfate and hexamethylenetetramine
. (ar. sulfate.
F Precision and Accuracy . ]
N 2 It ig more reproducible than previously-

1 In e single laboratory (MDQARL), . used standards. Accuracy of + one per
using surface water samples at " cent fof, replicate solutions has been
levels of 26. 41, 75 and 180 NTU. reported.
the standard deviations were + 0. 60. ¥
+0,94. + 1.2 and + 4,7 units, 3 ,In 1958, the Association of An:lytical
respectively. Chemists initiated a standardized system

of turbidity measurements for the brewing

2 Accuracy data is not available at industry by: . ‘
this time, ° - . . .

< a defining z standard formula for makizg -
stock Formazin solutions and
184

- b designating a unit of mzasurement o
based on Formazin, i.e.; the Formazin
Turbidity Unit (FTU),

turbidity has been to find a material which ~

can be made into a reproducible suspen-

. sion with uniform ‘sized-particles. Various

materials have been used. ' . .

"1y

4 'Du .ng the 1960‘s Formazin was increasing-
1y used for water quality turbidfty testing.
It is‘the currently recognized standard for
complignce turbidity measaremerits.

“y -
“‘ YY) { .-

a
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1 Atfirst result.s were translated
inta Jackson TurbiditysUnits
(JTU). However. the JTU was
derived from a visualdneasurement
using concentrations (mg/liter) of
silica suspensions prepared by
Jackson. They have no direct
relationship to the intensity of
light scattered at 90 degrees in
a nephelometer.

p R
2 For a few years. results of

nephelomgtric measurements
using specified Formazin*
standards were reporged directly
as Tugbidity Units (TU's).

3 Currently. the unit used is named-
according to the instrument used for
measuring tu.rbihfy Specified
Formazin stapderds are used to
calibrate tite”instrument and results .
are reporv.ed as Nephelometric
’nlrbidfy Units (NTUs).

TURBIDITY MEASUREMENTS FOR
PROCESS CONTROL

The schematic and design ‘characteristics
discussed above for nephelometric
instruments is the req red methoc, for
measuring turbidity for compliance
purposes. Turbidity data is also widely
used to check water for Drocess design
purposes and to monitor water for process
control purposes. The nature of the
liquids to be monitored. and the degree of
sensitivity required for signalling the .
rémedy to be applied have led to the
develdpment of monitoring instrumenta-
tion that differs in design or in principle
from the instrument previously described.+

A Users%{ Control Data

1

2

3

15-8

Potable Water Treatment Plants
. 0
Municipal Wastewater Treatment Plants
=

Industrial Processers

’ > (10, ll') \

B Apphcauons ‘of Control Da'a

’

|

103

1 Coagula‘ion Proceqscs

a To check’the euecnveness of
different coagulants.
’

- : N
b To check tie effectiveness of <}
different dosages.

¢ To regulate chemical dosnées by
automating chemical feed controls.

2 Settling Processes

a To determine intermittent need for

settling processes.

b To control the siucige hlanket height
in activated sludge treatmient processes.

¢ To iactivate remcval and re-cycliné of
very high density ‘sludge from sctﬂmg
tanks.

d To monitor effectiveness of settling
processes.

: 7

3 Filtrdtion Processes

a Taq determine Lntermittent need
for filtration.

b To facilitate high rate filtration
processes.

¢ To prevent excessive loadings for
ﬂltmtion systems.

d To ckeck the emciency of filtration
systems. .
-
2" To regulate filter backwash opesations.
Rust in Weter Dumimtion Systems
A To locate sources of contamination.
b To monitor intermittent occurrences.
\ .

'

Stesm Bt;iier Operations

-a To detect corrosion products in -
. Dboiler water. o
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b To detect evidences of corrosion |

m condensates.

c To determine the effectiveness of
corrosion treatment measures.

C Varieties of Instrumentation

W

Flabng Witer Surtace

1 Surface Scatter Nephelome'.e;'s

In forward - scattering instruments,
the angle of the incident light is
adjusted to iiluminate the sutface

of a smooth flowing liquid at an angle
of about 15 degrees from horizontal,
rather than beamed tirough a glass
cell of thetiquid as .'escribed for a
nephelometer earlier in this outline.
A photocell is located immediately
above the illumjnated area so tkat
vertically scattered light from
turbidity in the sample reaches it.

2

Turbidity Portcies é— Photocelly)
Scomer n-.m-\

b D{aadvanuge

(3]

is difficult to achiave in ghsA'ceua.

[

Striy light effects on ti.e photocell
are minimized because the simpler

design eliminates sonfe of the sources

of stray tht. . .

3 Since flowing sample is used,
interferences from alr bubbles and/
or {floating materials are quh:kly
enmi.nzted

4 This design is sensitive to the presence'

of larger suspended particles.

'As tirbidity becomes high. penetration
‘of incident light decreases to cause a
falling off of response.

Absorption Spectrophotometry
The incident light i{s beamed through a

smooth. flat stream of sample-and the
transmitted light (in contrdst to’

nephelometric Bcattered light) is measured

by a spectrophotometer. A schematic.
* i8 shown in Figure 5.

B Tukidey Porticles AbrorbLight ~

i

Ed

o

To Deawn
S .uro 4 NEPHELOMETER (Swlu:c Scatter)

, - Shotocalls | Motes

Figure 5 ABSORPTION SPECTROPHOTOMETRY

" Inelude sid

Variaﬁons of the methodology
tter and back

_deslgns. )
3 Advantages

1 No glass sample cells are
used. Attendant problems of
cleanliness and condersation
are eliminated. The surface

of the liquid provides a near~

perfect optical surface which

a Advantages

1 o glass sample cells are used.

2 The simpler design eliminates
sources of stiay light.

3 Applicable to measure high
turbidities, e g., in sludges.

b Disadvantage

{

'

1 Low sensitivity for manv Applicatfol:ls.

2 Color constituents interfere.

15-8
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Vi -SUAINMARY ~

15-10

Turbidity measurements represent the
optical property of light scatiering by
suspended solids, NTUs are an index -
of the effects of the size, etc.. of
suspended particles but cannot be used
to indicate mg/1 quantities of thosé™’-
particles. The parametes is required
f>- finished potable water and is extreme-~
ly useful.in reference to aesthetic quality
{zlarity), photic conditions and thermal
effects in bgdies of water. [t is also.
widely applied for process control of ;
water and wastewater treatment and

of industrial processes.

There have been difﬁculﬁes in developing
a satisfactory standdrd methnd for this
measurement. Early methods depended
on a subjective judgement of an extinction
point where transmitted light balanced
scattered light in rather crude apparatus.
Although the apparatus was refined and
standardized to a large extent. the
subjectivity of these visual methods was
still an unsatisfactory element of such

+ methodology.

Evertuaily. optical instrumentation was

from the measurem¢nt. Nephelometry
(scattering) was chogen for the standard
method and U. S. EPR has specified
several instrument des| criteria to

. further promote standardization of the

measurement.

Finding a suitable (reproducible)
standard suspension has also been a
problem. Currently. Formazin i8
specified as the standard because, to
date, it is more reproducible than
other suspensions proved to be.

Establishing a meaningful unit progressed
along with development of instrumenta-
tion and agreement on a standard i
suspension. The current unit (NTUY is
derived from the method of measurement.
nephelometry. and use of a standard
Forsgazin suspension. °

Even with the efforts to standardize

instrument desfgn, to find a*suitable
standard suspension. and to agree

on a meaningful unit, there are ;un

- problems about this measurement.
Instruments meeting the design

<riteria and standardized with

Formazin suspenslons can give *
turbidity rez¥ngs differing v
significantly for the same san:ple.

Another problem area is associated

. with sarple dilutions, - Work has
: indicated a progressive error op

sample turbidities in excess of 40 units,
50 such samples are to be diluted.
However. obtaining a difutibn exactly
representative of the original
suspension ig difficult to achieve.

Thus dilutions often significantly fail

to give linearly decreased results

when re-measured.
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Ames, [owa. Fifth Revised Edition,
1975, . .

-~

Bausch 2.d Lomb and
Turner-of California are .
additional examples (9/7D .
of Models meeting the
listed specifications, .

.

N

This outline was prepared by Audrey D,
Krocer, Chemist, National Training and
Operational Technology Center. MOTD,
OWPO, USEPA, Cincinnatt, Ohio 5263

Descriptors: Cherhical Analysis.
Instrumentation, Secchi disks. Turbidity.
Wastewater, Water Analysis
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SPECIFIC CONDUCTANCE

1 L. /HODUCTION
An e ectrical conductiviry measurement of a
ssluiion determines the ability of the solution
to conduct an €lectrical current. Very
concemrated salutions have a large population
of ions and transmit currem casily or with
small resistance. Since resistivity is 1
inversely related to conductivity 'K = =,

a very concentrat€d solution has a very

high electrical conductivity.

Electrical conductivity is determinad by'

-transmitting an electrical current through
_'a given solution, using two electrodes. The

resistance measured &‘a dependent principally
upgn the ionic concentration. ionic charge.
and temperatuce of the solution although

- electrode characteristics (surface area and

apading of electrodes) is also critical. Early
experiments in standardizing the measurement
led to conatruction of a. "standard cell" in
which the eleetrodes Were spaced exactly ! cm

. ard each had a gurface area of 1 cm®. Using

this cell, electrical conductivity is expressed
as "Sp¥cific Condyctance”. Mo¥ern specific
conductance cells do nut have the same
electrode dimensions as the early standard

.

‘I ‘CONDUCTIVITY INSTRUMENTS

Nearly all of the comme: :ial specific con-
ductance instruments ar= of a bridge circuit
design, similar to a Wheatstone Bridge. .
Null or balance is detected either by meter
movement, eiectron 'ray eye'' tubes, or
headphones. Since resistance is directly
related to temperature, some instruments
have avtomatic temperature p tors,
although inexpensive models generally have
1temperature 1sation.

pe .
j s .
Conductivity instruments ~ffer direct specific
conductance readout when used with a'nell
"matched" to that.partidplar iristrument.

Electrodes within the cell may become
damaged or’dirty and accuracy may be ’
affected; therefore, it is advisable to )
frequently check the instrument readings
with a standard KC1 solution having a known
specific conductance. v

1 CONDUCTIVITY CELLS .

L ; .
cell but have a characteristic electrode spacing/ ~ Sgveral types of conductivily cells are

area ratio known as the "cell constant".

K « 1 x Gistance (cm)‘ 1 -
B8p R area (em p 8p R "
L
k = cell constant
Specific conduct nce;units are Mhbs,lcm or -
reciprocal ohnys/cm. Most ratural. fresh
waters in the ‘United States have specific
conductances ranging from 10 to 1, 00|

micromhos/cm, (1 micromho = {07° mho).

alkilable, each having general applications.
Diprc lla_are"generally used for field
measurement, flow cells for measurement
within a closed system. angd pipet cells for
laboratory ude. Many modificatitns of the
« abpve types arz avtlabié for specialized
. oratcry applications; the Jones cells and -
inductive capacitance cells are perhaps the
most common.
Examples of viqioua|cell ranges for the RB3
-« IAdvstrial Instruments model (0-50
" micromhos/cm scale range) are in Table 1,

- . Relative

) —
[}

Cell  Conductivity Maximum rnge Most accurate rafige

Number Value | micromhos/cm  micromhos/cm
Cel VSO2* 1 - 0~ 0 Z- 30 ' :
. Cel VS2 * %g 0- 500 20 - aoe
o Cel V{20 1 - 5;000 200 - 3000
. Table 1

{

.

s

,110{‘ .
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IV Computatior, of Calibration Constant
P .

2 calibration constant is a factor o which
scale readiags must be muitiplizd by com-
pute gpecific conductance.

Ksp =-:eM

Properties of sone inorganic ions in regard
to electrical conductivity are shown below:

where Ksp = actual specific ductance
c = calibration constant
M = meter reading

For example, a 0.001 N KCI] aolution
(147 micromhos/cm standard) may show
a scale reading of 147.

147 -
147 = c147 c=m = 1.00
In this case the dnllis perfeclly 'matched"
to the instrumens, the calibration constant
is 1.00, and the scale reading represents
- actual specific’ conductance. A variety of
cells, each covering a specific range,
may be used.with any one instrument.
- However, a calibration constant for each
cell must de computed before solutions of
3 specific ductarice can be
determined,

V- RELATIONSHiP OF SPECIFIC CON-
DUCTANCE TO IONIC CONCENTRA TION

Natural water consists of many chemical »
constituents, each of which may differ
widely in ionic size, mobility, and solubilizy.
Also, total constituent concentration and
proportions of cartain ions in various natural
waters range conslderably However, it

is surprising that for most natural waters
haying less than 2, 000 mg/l. dissolved
solids, dissolved solids values are closely
related fo specific conductance values,
‘ranging in a ratio of .62 to .70, Of couvrse
this does not hold true for certain waters
having considerable amounts of norionized
soluble materials, such as organic com-
pounds and nonionized, colloi '\l inorganics.

Micromhas/cin
fon per meg/1 conc.
Calcium °52.0
Magnesium 46.6
adi 48‘9 . &
Potassium - 2.0
Bicarbonzte . - 43.6
Carbonate 84.6
Chlgride . - 75 9

V1 EgTIMATION OF CONSTITU!'.NT
CONCENTRATIONS

Generally speaking,*for waters having'a
dissolved solids concentration of lss than

1,000 mg/1, calcium and magnesium (total - . ...

hardness), sodium, bicarbonate and
carbonate (total alkalinity), and sulfate are
the principal or most abundant ions,
representing perhaps 90-99% of the total
ionic crncegtration of the water. Specific
condu.:an. , total hardn:ss and total
alkalinity are all simple and ex edignt
measuremerts which can be perforrhed in -

the field. Therefore, the remaining prlncipa.
ions are sodium and sulfate, and concentrations
of these can be estimated by empirical
methods. For example, we find that a certain
water has: -

Ksp = 500 micromhos/cm

Total Hardness = 160 mg/1 or 3.20 meq/}
Total Alkalinity = 200 mg/1 or 3.2# meg/),
as bicarbonate.

Next we multiply the specific conductance by
*0.011 {500 X0.011 = 5.50) to estimate the
total fonic concentration in megsl.

» » This factor may vary slightly for

different waters

Cations (meq/1) An‘ions (meg/1) -
* . .

Calcium 3.20 .Carbonate 0. 00
Magnesium Bicarbonate 3.28

-

Sodium 5.50-3.20 = 2. 30 Sulfate 5.50-3.28 = 2,22

Total Cations 5. 50 Total Anions 5.50

193
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) Specific Conduclanm}'
]

g thit several varabdes ave involved

troal abaly sis, application rests
ssting the
ory analvses for that

particumr sater, It correlation is within

coeptabbe smtta, aniaidUcal Cousts may be

formua with presohs

. N
substatttiacls seaueed, Rmpirieassansly st
1iso be usedan deternnpaiion ofb pretpes

for

[t

o quers D latian faetar) mece ss

Laborators ana s sis. .

Records of aboratory chemnsal andy

wma particedar s

1characteristic o
Streatntion rates or Goke .
the waler ' euvivronment has not been altered
water composkion responds solelveto .
1L causys, a speeific conductivity
emett may ine oceasionally used
fution for liborstory analyses to
determine water gquédlity.  Concentration at
individead constituentsgean thus be uglmum-n:
fram a specitic conduvtanee value,

VI -APRLICATIONS FOR SPEC‘I F1C
CONDUCTANCE MEASUREMEN

(2)

A Lahoratopy ()p(-x‘.'ltir.ms

1 Checking purity af distilled and de-
fonized water * 7

[N

l_istignaiion‘o_r dilution factors r&-
‘samples - . . .
3 Quality contfol check on analytical
* accuracy v

4 An electrical indical.m'
+
B Agricnllurci . .

1 E\mluali‘ig ':nl{nily
2 _F.slimntixnbg Sodium Adsorption Ratio
c’ 1r;d;u5try(:’) .' ’
1 Estimating carm.‘sivuncss of wulz'r in
ste‘am‘ boilers .

2 Efficiency check of hoiler operation

D Geology

.
* S N . ‘o
1 Snfntigraphlc identification and ,
charictericationm .
a,  geological mapping -
b oi®explorations
E Oceanography ' . .
+ 1 Mapping ocfan currents
P
2 Wstuary studies ‘
o . )
¥ l’lydx-nlug_v . .’
1 Locating gew water supplies
a  buried streair channels (See Fig, 1F
b springs in lakes and
A streams (Sce Fig. 2) ¢
2 Detectioniand regulation of sea water
“encrqactinent on shore wells
G Water Quality Stndies N

(2)

1 Estimation of dissolved solids
(See Scction V, also Fig. 3)
2 Empirical analy\sls of ‘constituent
concgntrations (See Section Vi, also
. reference 2)

3 Quality control check for salt water
conversion studies .

4 Determination of mixing.cfficiency
of streatus (Sgc Fig. 4) . .
. -
5 Determination of {low pattern of |
polluted currents (Sce Fig. 4)

6 Identification of significant fluctuations
in industrial wastewater effluents

7, Signal of significant changes in the
con:position of influents to waste
* treatment plants

16-3
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Specific Conductance ’ c
! k4
FIGURE 1
DETECTION OF BURIED STREAM CHANNELS
- .

TEST WELLS - X—SECT -

" - FIGURE2. /[,

)

DETECTION OF SPRINGS IN LAKES AND STREAMS

~

MAN LOWERING
CONDUCTIVITY CELL

: S
WMJ'

LAKE OR RIVER

-
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Specific Conductance

VI NPDES METHODOLOGY '

A The Federal ﬁegister "List of Approved The standard deviation of thd reported
Test Proceduras” for NPDES require- values was 7,55, 4,14, 66.1, 79,6,
ments Soecifies that specific conductance 106 and 119 uihos/cm respectively.
be measured with a self-contained .
conduchvl meter. Wheatstone bridge The accurdcy ¢! the reported values was""
typef 1} (2) -2,0, -0.4, -29.3, -38.5. -87, 9 and
\ . =86, unhog/«m bins respectively.
Temperature directly affects specific :
conductance values (see/Fig. 5). For REFERENCLS .
s this reason. san., s should preferably : :
4 be angf ey ul )'.U( If not,” temperature ] Memods for Chemical Analysis ?l‘ Water
corrvzh-d shoi" 1 he made and results and Wastes, 1LPA-AQCL, Circinnati.
report: ~,0n no8/em at 25°C. Ohio 45268, 1974. .

1 The instrument should be standardized 2 Standard Methods for the Examination *
using KC1 solutions. (See Fig.6) A4 of Wnter and Wastewater. APHA-AWWA-
- / WPCF, 14th Edition. 1876.

2 it i8 essential to keep the conductivity

cell clean. 3 ASTM Annunl Book of Standardsi Part 31,

. 975,
B The EPA manual specifies using the \
. procedure ag described in Standard 5
. 2 - .(3) ~This outline was prepared by John R.,,Tllstra.

~ Methods " or in ASTM Standards™™", Chemist. National Eutrophication Research

These are approved in 40 CFR138 for . Program, Corvallis. Oregon with additions
~ NPDES Report purposts. . ' by Audrey D, Kroner. Chemist, National
‘ € Precision and Accurac (N ‘Training and Operational Technology Center.
T 4 \ MOTD, OWPO. USEPA. Clucinnati. Ohlo 45265.
Forty-one analysts in 17 laboratories * Descriptors: Chemical Analysis. Concentrntlon.
alyzed 8 synthetic water samples Conductivity. Dissolved Solids. Electrical
Containing the following K _ increments Conductance. lens. Physical Properties, Salinity.
of inorganic salts: 100. 106. 808, 848. Sodium, Specific Conductivity. Sulfn}e@ Water
. 1840 and 1710 micromhds/cm. Analysis, Wnter Supplles. . .

o
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SCOFE ANI, APPLICATION

Applicaple to surface waters,
sewages and industrial wastes,
particularly u.ine dradnage and
recelving strean.s and other waters
containing ferrous .ron or other
polyvalent cations in.the reduced
stare. : .

Range for 4 S0ml sample:
10 to 1000 mg acidity/ilter.

APPARATUS

A calibrated pH meter and
electrode(s)

tiot plate, .

REAGENTS - R o
-For a detailed discussion of reagent
prepara’tion, consult REFERENCE I.

. .
Hydrogen Peroxide, 30% solution

Standatd Sod um tlydroxide (0.02N)

Standard Sulfuric Acid (0.02N)

Curbon Dioxide-Free Distilled Water

PRGCEDURE(D
Pipet, 50m! of the. sample ln!u a 250ml
beaker. -

Measure the pH of the sample. If the
pH 1s above 4.0 add standard sulfuric
acld in 5.0 ml increments to lower
the pH t0.4.0 or less. If the Inttial
pH of the sample i{s less than 4.0, the
incremental addition of cu'lfurlc actd
Is not required. .,

L\JORATORY PROCEDURE"FO'R ACIDITY . PN N

- ~

C °Add 5 drops of hydrogen perqxlde.

D Heat the samplé;t'o'holllng and con-’

tinue bolling for 2 to 4 minutes. In

some Inastances, the concentration of
ferrous iron In a sample is such that

-an additional amaun’. ¢f hydrogen -
peroxide and a slightly longer bolling

time may be required.

-
. E Cool the sample o room temperuturc-_
F Titrate with standaxd sodiurn hydroxide
(0. .QZN). using a pH mczi, to an eond
qmlnt of 8.2 -
G Record volume ol standard alkall wsed
in the tictracion.
) "
4. P
V CALCULATIONS
A Actdity, as mg/l1 CaCO4= 3 -
[(AXB) - (CXD))X50, 000 . '
mi sample . ’
~ whercet f . .
A = vol. ef standard alkall ysed In
tieration .
., n(.
B = normality of staadard alkall
'C = votlume of standard acid used to
reduce pH to ,4'0or less , .
\
(N .
- D = normality of standard acid
B If It ts desired to report acldity In

*miifequivalents pér ltet, the re- .
ported values asg CaCOg are divided
by 50, as follows:

Acldity as meq/1 = mg/FCaCOg

N 50 . -
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Laboratory Procedure for Acidity

< .

REFERENCES

1 Standard Methods for the Examina-
tlon of Water and Wastewater,
14 ed., 1976, ADPHA-AWWA:. WFCF,
Wnshlng!'on. D. C., 24036, p. 276.

2 Methods for Chemical Agplysis of
‘Water and Wastes, 1973/ EPA -
MDOARL, Cinctnnati, Ohlo
45268, p. .. '

This outline was prepared by Audrey
D. Kroner, Chemist, National Training_
and Technology Center, MQTD, owro,
fISIPA, Cincinnati, Ohio '45268 .

Descriptors: Acias, Acldity,
Analytical Techniques, Chemtcal
Analysis, Laboratory Tests,
Ncutr_nllznt.ton, Water Analyasis

K v
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1 REAGENTS i

For detailed discussion of rengent preparauon,
consult method reference 3

‘A Carbon Diox!.de - Free Distilled Water

B Standard Sodium Carbonate Solutian
RN B

c .Hydroch]oric Acid Titranf (0,02 N)  °

“\v

o STANDARDIZATION OF THE HYDRO-

B ,Smndardize the pﬁeter ngafnat a o

CHLORIC ACID TITRANT .
A Set the ‘terriperatqre reading on the 'pH
meter dial to match the temperature of
the buffer and sagple soluuc . .

reference buffer.sciution. Check agalnat
a second, buffer solutipn,

C Weigh acturately 0,088 + 0. 001 g of the
"dried sodium carbonate and transfer it to
a 500 ml conical flrsk.

:D Add S0 ml of water and aw!rl to diuulv*
’ the (;arbonate
; N

e stirring the solution (magnetic bar
TN ai{rrer), ndq the lvdroch]nric acid
titrant from a 100 ml buret until a pH of
4.5 is nmined

F Calculate thé normnl.ﬂy of the" hydrochloric
acid solution as follows:
P L

y : B
At Fmixc
A = normality of the hydrochlo;‘ic n.cid
. B r gof aodimrx carbonate used
Cc's mlof lvdroch'ioric acid consumed

* 0.053 = milliequivalent weight of NlZCOS

f

CH. ALK.lab, 2a. 11, v !

I PROCEDURE

A _l?ipctie 50 m! of the sample into a 130 m}
beaker. .

B Titrate with the hydrochloric’ acid to
= pH 4.5,

C Ca.lculsuon ‘
Total alkalinity as mgof CnOOSII - 7L,
A X N X50000
. B

A = mlof standard HC] :m-gm
N s N of standard HCl titrant

B ='ml of sample ‘

.50 = equivalent weight of CnCO

- 1000 - convcrts ml to liters

‘REFERENCES -

1 Methods*for Chemical Analysis of Water ¥
and Wasetes, EPA- MDQARL. Cincinnati, «
Ohio 45258, 1974, p. 3

2 Standard Methods for the Exnml‘nnm;n of
Water and 'Wastewater, lggp ed. 1878,.
p. 274,. '

3 Book of ASTM Standnrdu Part’ 31. 1915
p.111. . N

This outline was prepared by C. R. Feldmgnn
Chemist, National Training and Operational
Technology Center, MOTD, OWPO USEPA,
Cincinnati, Ohio 45289.

Descriptors: Atkalis, .-lkqimty. Annlyticnl
Techniques, Chemical Andlysis, lAborntory
Tests, Neu'.rn.uzauon. Water nalysis
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REAGENTS '
Buffer Solutign: .

1 Dissolve 16.9 g of .\‘H4Ci in 143 ml of

conc. ,\'ll40H. - .

2 Dissolve 1.179 g of analytical reagent
grade disodium ethylenediamine, tetra-
acetic acld dihydrate{Na, EDTA-2H,0)

and 0644 g of MgCl,-6H,0 in 50 Al of
distilled water. - ’ -

-

3 Adi the solutian from (2) t6 the solution
from (1) with mixing, and dilute to 250
aml with distilled water. Addition o
small amounts. of Na,EDTA2H,0 or
MgCL,: 6H,0 muy be‘necessary to nttain
exact ui%nlence. . .

The buffert should be stored in a plastic
or resistant glass container tightly
stoppered to preyent CO, absorpMon
and NH, loss. Discard fhe buffer when
1 or,2 fl added to the sample fails fo
proéuce a pii of 10.0+ 0.1 at the end
point of the titration. '

Inhibitor: . .

1 Most water samples do not require the
use of an inhibitor. In the presence of
certain interferring ions, however, an
inhibitor may be needed to.sharpen the
endpoint color change. Several types
of inhibitora may be prepared or pur- -
chaaed. 'Sodipm cyanide, NaGN, 15 one
of the aﬁnpled inhibitors tu use. -

2 Add 0.25 g of puwdered NaCN to the
sampl. i ad:ust the pH ti+ 10, 040. 1,
Caution: NuCN {8 polsonuus. Use
Targe amounfs oI water when flushing
solutions containing NaCN down she
drain. Do, not acidify solutions contain-
ing NaCN; volatile, polsonous hydrogen
cyanidg, HCN, would be lberated.

Indicator:
1 Eriéchrome Black-T dye (EBT) 18 uge-
ful for the determination. ' Other comggher-

clal grades or laboratory formulations
of .the dye are alao satisfactory.

CH. HAR.lab. 3b,11. 77 )
. 2b. 3 )

/-

LABORATORY PROCEDURE FOR TOTAL HARDNESS.

2 Prepare the ndicator in dry powder

<

° a 500 mlErlenmeyer
{equal volumes of conc. HC! and water)

form by grinding together 0. % g of the .
dye and 100 g of NaCl. -

Standard Caleiam Carbonate, Cacoy;: -

Weigh 1. 000 gof anh‘ drcus, primary |
standard grade CaCO, and transfer it to - °
Hask, Add 1:1 HCI:

dropwise and with swirling of the flask
until the CaCO,, has dissolve.. ‘Bring
the volume of ﬂquld to about 200 ml with

- water, boil a few seconds to dispel Coa,‘

cool, and add a few drops.of methyl rei
indigator..’ Adjust the color of the solytion
to an intermediate orange by the drppwise

- addition of 1:1 HC! or 1:4 NH_ OH.(1 volume

=]

- dilfite to 1.M1Br.

of eonc. NH,OH + 4 volumes 4t water).
Transfer thé solution quantitativély to a
one liter volumetric flask and dilute to the
mark with water. ().oml=1.0 méCaCOS)

Na,EDTA-2H,0 (0.01 M):-

2 .
Dissolve 3,723 g of the dry reagent grade
Na,EDTA'2H,0 in distilled water and

1,0 m! of the 0.01 M
solution = 1.0 nig of GaCO,. Check the
concentration of this aolutﬂm by titration
against the standard calcium carbonate
solution as deacribed in II below.

,
STANDARDIZATION OF THE NayEDTA:
2H,0: '

PRl

. Dilute 25.0 m! of CaCO, stahdard to about

50 m! with distilled watlr in a 125 ml
Erlenmeyer flask dgainst a white background,
(S

Add 1-2 ml of the [buffer solution and check
the pH to ensure that it {g 10.0+0.1.

Add approximatelr 0.2 g of the indicator.

Add the Na EDTA2H, 0 slowly and with |
stirring unfil the coldt changes from a
rose to a blue color. The color change -
18 more easily seen ifthe titration is
carried out in daylight, or under a day-
light fluorescent lamp. If the color
change ia not sharp, repeat the deter-
mination’ using the inhibitor. 1f the
endpoint {8 still not sharp, prepare,a
fresh supply of indicator.’

The titration should take less than 5 minutes,
measured {rom the tilme of buffer addition.

18-1



Laboratory Procedure for Total Hardness

~

. F In sr wnalysis of this type it is advant-
- agzous to carry out a preliminary, rapid
{l..wtion {n order to determine approxi- .

“ *  macely how much titrant will be required.
This is accomplished by adding the
&EDTALZH 20 at a fast dropwise rate
3 1 the color chnnge is observedl.
+«'Hl PROEEDURE . “y

wf{epe'nt steps Il A through II F us{ng sample
An place of CaCOj3 standard. The amount of
sample taken should require less than 15 ml«
of NaeEDTA 2H,0 t‘.trnnt !
.
s \ .
!
v CALCULATXON N

A Standardization of the Nn EDTA'2H 0

REFERENCES -
.
1 Standard Méthods for the Examination
of Water and Wastewater. 14th Edition,
‘~ A PHA -AWWA-WPCF, 1976.

2 ASTM Standards. Part 31, Water;

1818
\ .

3 Methods for Chemical Analysis of
Water and Wadtes. 1974, Environmental
Protection Agency. EMSL. Ciac 'anati,
Ohio. '

ml of c-coa equal to 1. 0 ml of the Na, EDTA 2H o L - .
. ’
ml.of CaCOy
: mI of NaZEUT_ I'!HZU required qr ration ..

B Total H¥ness

Hardness as mg CnCOs{l = %%

A=mlaof NazEDTA-ZHZO for titcation of sample

8= the value obtained dbove.

19-2
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This outline was prepared by C. R.
Feldmann, Chemist. National Training and
Operational Technology Center, Mog
OWPO USEPA Cinctnnnu. Ohio 4 68

] Descriglors': Calcium, Calcium Carbonate,

Chemical Analysis, Hcordness.® Laboratory
Tests, Magnesium. Water Analyais. Calcium
Compounds. Analytical Techniques

115
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sample solution. or else rémove
all electrolyte and store it dry.

Agitator . !

This part of the apparatus provides rapid
and thorough mixing of the titrant and test
materials, and also’produces a continuous
flow of the ‘mixtre, past the electrode,

CH.A.CL. 1, 11.77 B

\_, _'113_

-
. sy
_ / o »
AMPEROMETRIC DETERMINATION OF TOTAL RESIDUAL CHLORINE
(BACR*TITRATION FOR WASTEWATER SAMPLES) -
. , -
: " B . ’ "
SCOPE AND APPLICATION C Sensitizing Elegtrode and Agitator .
Iy ‘ .
This method is*for the determination of TNe apparatus can lose its sefsitivity -
| total chlorine residual in domestic waste- _ tolodine, 1In this case, the pointer will
" water samples. ' not comd on scale even when the adjusting
knoh i turned completely clockwise. Use .
It is applicable for concentrations of .n.ae ronqung steps to restore sensitivity. 4
! to 10 mg C1/liter. This range can be . . o o
eixtended*by dilution of the sample.* . 1 Put about 150 ml of water ‘containing
R . 1 to 2 mg/liter free available chlorine
. ,. into the sample cup. | - . .
APPARATUS . . ~
L 2 Place the cup on the assembly, {mmersing
- End-point detection apparatus consisting . the electrodes and agitator. LT
of a cell unit connected to a microammeter, . . .
with the necessary electrical-agcessories, 3 Add potassium iodide crystals to the .
’ . . jsame water. ' * (-
1 Metal electrodes must be, cleaned .
" occasionally with a suitable abrasive. 4 Turn on the agitator for about 3 minutes.
2 The snli.brldge must not Be plugged 5 Then allow the electrodes and agitator
with deposit{.. " to remain immersed for about 15 minutesd, .
"3 Some undissolved salt should be in 6 Rinse them thoroughly with chlorine~ .
the reference electrode solution to den!lnd'-free water or the gample to
ensure conatant (saturated) composition, be tested,
Fill the chamber about 2/3 full and .
add enough water to cover the : D Conditioning the Bample Cup
tablets. Then plug the cell unit into . -
the titrator and allow to gtand for 24 1 Fill gldss snmpl_e‘cups with water containing
houra immersed in about 200 ml of 5 at least 10 mg/liter residual chlorine.
water or sample to establish equillbrium L.
of the reference electrode, 2 Let\st&nd for three hours or more, '
4 When most of the tablets are used up. 3 Ringe thoroughly with chlorine-demand-
wath out the cell, clean the metal ‘free water.
electrodea and refill the chamber 4
as above, .. : -
s . Il REAGENTS
S When not in use. either store the ‘ Tt
" cell immersed in 200 m! water or A 0.0282 N .lodine Titrant

This golution can be purchased, but its concen-
tration should be checked and, if necessary.

_ adjusted to 0,0282 N. *(therwise. change the ~
- N

calculation formula),

To prepare {t, consult reference 1 for details
of the following: , .

- .
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1 Prepare 0. 1Narsinite solution. This
solution 18 very TOXIC. Avold ingestion.

2 Prepai;'e 0, IN lodine solution. standard-
izing it wlth 0 INarsenite solution.

3 Prcpare 0.0282N lodine titrant by diluting
the correct amount of 0. 1N lodine solution.
Stor? it'in amber bottlgs or In the dark,
and protect it from direct sunlight at all
times. Avold its contact with rubber.

* Even with precautions this solutlon needs
a normality chec’ with 0, 1N arsenite -
solution each day :l use. See reference 1
for detalils. .

4 NOTE: This solution has two uges. 1t lis
used to standardize phenylarsine ox{de
solution and 1t 18 used as a titrant'in tests
conducted with either phenylarsine oxide
or sodlum thiosulfate solutions. f sodium

thiosulfate solution 18 to be used in the, test, A

an alternative titrant is 0. 00564N lodate
. solution. 1t is made with prlmnry standard
. grade potassium lodate. Reference ] has
preparation details.

a " If you choolle to use lodate titrant.
prepase 100 m! 10% phosphoric acid
\soluuon."

Starch Indicator Solutlon

This solution 18 used to standardize phenyl-
arsine ox{de golution. It is also used for
tests conducted with lodate titrant.

* See reference 1 for preparntioh derails. , '
v Pt

y ’
0.005684N Phenylarsine’Oxide (PAO) Solution

. , .
Iml=1 mgll'lvallable,chlorine in a 200 ml

sample. This solution can he purchased.
To prepare It, consult reference ] for details
of the following:

1 Prepire approximately 0.00564N PAC
solution. .- .

2 Adjust to final hormality using results of.
titrating 0,0282N lodine titrant (*.tarch -
indl'cntor) Lo

3 This PAO solution 18 very , stable. Itis *"

.also very TOXIC Avq(p ingesation.
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Amperometric Determination of Total Residual Chlorine (Back-Titration for Wastewater Samples)
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4 NOTE: Alternatively. refer(fe 1 has
details for preparing and sta.ndnrdxzing
0. IN sodium thiosulfaté solutlon, aging
it, fhen diluting it to a O« 005648 solution. '
This solution 18 uhstable. It requires -
.. preservatives and dally standnrdlzntlon.

D Potassium lodide Crystals

E Atetate Buffer Solution. pH 4.0

¢ «Tuls .aolution can be purchased.

IV

Contult reference I“for prepa,rntlon' detalls.

PROCEDURE
These steps utilize 0. 0056-'111 phenylarsine
oxide and 0.0282N lodine titrant.

N

Titrator

1. Plug the titrator into a source of'113
- volt current.

2 Check that the cell cc~tains saturated
electrolyte solution according to llA above.

3 If necessary. sensitize the electrodes
and agitator ncc'ording to 11C above.

i r‘;e.ceanry. coniition the sample cup
according to 11D ahove. - . -

Preparation of Teet Mixture
1 If the aflmpl'e cﬁp'ls,in place on the
titrator. remove it. Empty any contents

and rinde thoroughly.

2 Pour sample into the cup up to the 200 ml
line. -

.3 Usea plpet to add 5.0 ml 0. 00564N

pheﬁylnraine oxide (PAO) solution to
the sample. (1f 5-10 mg Cl/llter is
involved, add 10,0 m! of the PAO).

4 Add about ! gram potassium iodide crystals.

5 Add pH4 acetate buffer solution to reduce
pH to 3. 5-4,2. Usually 4m! is sufficlent.



" .7 Amperomctric Determination of Total Resicual Chlorine (Back-Titration for Wastewater Samples)

. . LY

6 Place the cup on the titrator with- References
. the top edge behind the cup guide - - :
: - post and wi th the bottom resting . 1 Standard \jethods for the Examination
on the support provided, - : of Water and Whstewater, 14th edition,
' 1876, APHA-AWWA-WPCF, 1015 18th
_) ‘7 Turn the switch to start the agitator. . Street, N.W,, Washington, D.C., 200:6.
' p. 348,
¢ Titraticn

I Rotate the adjusting knob so that
the mj ammeter pointer reads
about 20 bn the scale. (The reason
18 to have a reference point).

Use a 1 .l pipet graduated in tenthw .
) to add 0, 0282X 1odine titrant in gmall
increments. (Note- Do not use the-
pipetting apBaratus incorporated in
. the instrumépt. Plastic components N
may react wjth the jodine golutlon and
change its strength).

l‘uring the ad~ition of {odine, the -
pointer will remain practically stationary . .
until the end point is near, At that
. time, each small addifion of lodine "
| causts a temporary deflection to the v
right, then the pdinter r:&ns to the' -
original position.
When a small addition of lodine causes
', "  apermanent d tibn of the polnter to . This outline was prepared by Audrey 1. l\roncr.
the right. you hitve reached-the end point. " Chemist. Natlonal Training and Technology
L] : . Center: MOTD, OW PO, USEPA Cincinnati,
4 Rerord the volume of lodine golution Ohlo 45268
used to reach the end-point. -

4 Unless the sample ..ofntnins alum, leave Rescriptors; Annlytlcnl Techniques. Chemical
it in the cup to ke2p the clectrode assembly Analysis, Chlorine, l.aborntory Tests. Water
in readiness for other tests. If alum is Analysis

. present. ysge distillec. water for storage.

V CALCULATIONS N
A Formula: .

mg/1 C1 = (A-513)X200
. C -

A = ml 0.00564N phenyi.. ‘ine oxlde golution
* B= ml0,0282N iodine mmnt
C = ml sample

.. ’ ; - 203
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1 SCOPE AND APPLICATION
A Colorimetry

Many water quality tests depend on a
treating a series of calibration standored
solutions which contain known concentra-
‘tions of a constituent of interest. and also

the sample(s) with reagents to produce a I3

colored solution. The greater the concen-
tration of the constituent. the more mtense
will be the resulting color. A spectros’
‘photometer is used to measure the amount
of light of approp‘ate wnvelength which is
absorbed Ly equal “thicknesses” of the
solutions. Results from the standards

are used to copstruct a calibration (standard)
curve. Then the absorbance value for the
sample {8 located on the curve to détermine
the corresponding concentration.

B l.ambert Beer Law ) .

. States the applicable relationships: .

A=ebc
1 A = absorbance .
2 e = molar absorptivity
4 b= light path in em-

4 ¢ = concentration in moles/liter

1L APPARATLUS
A Reguirements
Are given aa part of the method write-up

1 The applicable wavelength is
aspecified. The unit used is
nanometers (nmh.

2 The light path {cell dimension) ¢
is often open-ended. e. g "cne
cm or longer. ' One must kuow

.
CILIN, ap, 1 11,77 1

the light path length in tho
available spectropho ometer.
because it is inversely reiated
to the usable contentraticus in

- the test. (Longer path lengths

detect lower.concentrations).

NOTE: For National Pollutant

Discharge Elimination System

{permit) or for DrinkingWater .

Regulations test requirements.

check with the issuing/report

agency before using’light paths

(cells) that differ from the length

specified in the approved method.

If you have permission-to use an

alternate path length. congentra-

tions for the test can be adjustéd

accordingly. These adjustments

are discussed i IV and in VI| (below).
y ke

PREPARATION OF THE SPECTRO -~
PHOTOME TER

1

Phototube/ Filter

Ma- have to choose 4 phototube for
use above or below a parﬂculnr .
waveléngth. . .

A filter may he rnquuired. ¢

[f the available instrument involves
a choice. check that the phototube
(and filter, if applicable. ) required
for the wavelength to be used ls in

the instrument.
L

Always handle gnd wipe off the
phototube and/ar filter with tissue
to nvoiq leaving fingerprints.

Cell compartment . .

This area must be kept clean and
dry at all times. .
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C Cells . E Wavelength Alignment
1 A set must "match” each other R An excellent point is the known. maximum
in optical properties. To check. . absorption for a dilute solution of potassium
this, use the same solution at ’ permanganate which has a dual peak at
~» the same wavelength, ard verisy 526 nm and 546 nm. Use 2 matched cells for the
that the absorbance value is the : following steps:
same for each cell. 1 Prepare a dilute solution of
. R - potassium permanganate (about
2 Alternatively. a single cell can 10 mg/1).

be used if it is thoroughly rinsed
after each reading. . 2+ Follow the steps in VI A, Zeroing
Operation. using a wavelength of

lnstrum'ent cells should be free " 510 nm, and distilled water ag a

3
of scratches and scrupulously : "reagent blank.' Keep the water in the cell
clean, during this entire procedure.
' - 3 Rinse the matched cell two times
a Use detergents. organic with tap water, then two times with
solvents or 1:1 nitric acid- the permanganate solution.
water. ‘ N
. T . 4 Fill the cell three-fourths full
b Caustic cleaning compounds | with the permanganate solution. Keep the
* might atch the cells. ~ \ . permanganate solution in this cell during thi.

. - co. entire procedure.
c Dichromate solutions are . : \

not recommended because 5 Thoroughly wipe the cecll with
. of adsorption possibilities. ‘a tissue. Hold the cell by the
. \ . P top edges.
. d Rinse with tap, then distilled .
water, . A .6 Open the cover and gently insert e
) the cell. aligning it to the ripge”
e A final rinsing and drying with as before.
alcohol or acetone before
storage is a preferred practh:e\‘ 7 Close the cover,
D warm-Up .' { . '
. . B 8 Record the wavelength and the -
1 Plug in the power cord. absorbance readifg on a sheet of h
- - . . . ‘. paper.
2 Turn the power switch on and give .
& an additignal half-turn to keep 9 Remove the cell of permanganate
the needle from "pegging. " . . solution and close the cover.

3 Wait to use \;ntil the recommended 10 Set the wavelength conteol at the
warm-up time has passed.” Any- . next graduation (+ Snm), ‘
where from 10 to 30 minutes may '
be required. - ' 11 *1f the nécdle is not at Infinite

. . . . . (symbol o) absorbance, usc the

4 If the instrument drifts during left knob to re-set it.

zeroing, allow a longer time.
. L. . 12 Insert the cell containing distilled

. ~ water usfng the technlques noted In
" . e . 5, 6 and 7 above. .
13 1f necessary. use the right knob
to re-set the ncedle at zero absorhance.

14 Remove the cell and insert the cell
. of permanganate solution using the
2]1-2 < (] techniques noted in 5, 6 and 7 above.

o 120 .
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USE OF A SPECTROPHOTOMETER

path length. Ycu will have to test
if the range is applicable to your
. instrument by preparing the given

15 Hecord.the wavelengtn ana the
absorbance reading,

.16 Repeat steps © through 15 above concentrations, obtainir.g absorbance
unti! absorbance-reading« are 7 values for them and checking the
secorded at 5 nm increments’ results according to section V11
from 510 nm through 560 nm. . (below), ’

L ke a graph platting absorbanye Ii Preparation .
- readings against wavelengths
\With verv goott resolution, there The calivration steadards reguircd for

spuctrophotometric measurements are so
dilute. that they arc conumonly prepared by
diluting stronger solutions. These are des-
cribed in'general terms below. . Weights and
volumes involved in preparing these solutions
for a specific test can be found in the m_ethod

. will b o praks - one at 525 nn:
and nae at 545 nm. A single flat
topped 'peak” between these two
wiavelenginsys acceptable, -

O
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4 If the maximum absorbances|peak(s] .

occur below or above 526 nm or

546 nm. anu at a number of scale
units different from the stated
nstrument accuracy. the 'wavelengtn =
eontrol 1s misaligned. To.compensate
for this until‘the instrfument can be
serviced, add or subfrdet thgerror

writesun. « .

1

seale umts when setting wavelengths s

for subsequant tests.

CALIBRATION STANDARDS

Regquirements

A set of .alibration standards is required.
with concentrations usable in the available
spectrophotometer cell {]ig" t path length).

1

‘The method referedce may provide

a table of light path léngths and

the corresponding ‘applicable con=
centration range for ealib- ation
standards, so one canshopse the
range required for hig instryment |
cell or sample concentration.

* The method reference may give,'

directions for preparing ong range

of concentrutions for a-given ligh'
path length, If your cell providex

a different length, your concentration
requirements can be ecasily calculated
by recalling that the light path length
is inversely related to concentration.
Thus, if your cell i8 twice the given ~
path length. you need the given con-
centrations divided by two.

I'he metlod referernce may give
directions for preparing nnly one
range of concentrations for the

calibration standass. and then 1 "y

not be specific about the associated

Stak Solutions”

a Prepare by weighing ar measuring
a small amount of a chemical -
containing the constituent of
interest and dissalving it tn a
one liter volun:.., °

b Common steck solutions have
concentrations in the range of
0.1t0 1.0 mg/ml.

¢ \ost are refrigerated for storage
and som¢ are further treated by

,adding a preservative. \Many are .
; stable up to six months.
.

2 Sta.r}dard Solutious

a Prepare by diluting a stock
solution (at room temperaturel.
Common volumes are 10.0 or 20.0 m!
of stock diluted to one liter.

b Hesulting smndard‘so]utioﬁs have
concentrations in the range of
1.0 to 10. 0 ug/ml.

¢ Although some standard solutions
may be stable for a period of time.
it is a recommended practice to
prepare them on the day of use.

Calibration (Working.'v Standard So-lutions

a Prepare by diluting a standard
solution. Usually 3, set of cali-
bration standards ig required |
so that resulting concentrations
give five to seven results within
the sensitivity limits of the instru-

ment. Common volumes are 1 to 10 ml

of standard solution diluted to 100 ml.

21e3
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U'SE OF A SPECTOPHOTOMETER

b Resulting solutions might Ty

have concentrations in the
range of 0,01 and 1.0 ug/ml.

¢ A reagent blank (distilted
water) should be included
in tife set of standards.

»

» *3 Adjusting Concentrations

a Yopu may find u\necessary
to adjust preparation quantities
given in the method write-up.
because your cell (light path
length) differs from the
example, !

b These adjustments are
* discussed in A Requirements
(above), tand are usually
applied to thi: Standard
(intermediate) Solutioa.

. . -
C Chemical Treatment

1 A\ost colorimetric methods

require that the calibration
standards (including the
reagent blank) are to be
treated as the sample. Thus.

.they are to be processed

through pretreatme.i- 'nd
through the test as if they

were samples. Then any

test effects on samplé results
will be compensated by the
same effects on results ob-
tained for the treated standards.

2 One should be aware that pH is

a critical condition for most
colorimetric reactions.
Ordinarily. a pH{ adjustment

is included in the test methcd
and reagents include chemicals
to control pH, Thus,the pro-
cessed standards correspcnd to
the samples regarding pH, and
thus they correepond in degree
of color development. If stand-
ards are processed in some
other manner, they must be

pH adjusted to correspond to

.the samples at the time of »

color development. -

v o
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V SAMPLE DILUTIONS

A Concentration Limits

The concentration of the sample must -
result in an absorbance ¥ithin the ragge .
of the calibratior. standargds. i.c.. accu-
rately detectable in the light path provided
by the instrument, A dilution before analysis
may be required to accompligh this. It is
not accurate to dilute a sample after pro-
cessing in order to obtain a usable absorb-
ance reading. . !
1 Record dilution volumes 8o a dilution
factor can be calculated and applied
to results. .
2 An analyst'often has a good estimate of f
the expected concentration of a sample
if s/he routinely tests samples from
the same source. In this case. a single
dilution. if any, is usually sufficient.

3 If a sample is from an unknown source,
the analyst has several choices.

a Porocess the sample. [f the reading
shows it i8 too concentrated, dilute
it until you get a value in the usable
range. This result is not hccurate’
enough to report, but you now xnaw
how to dilute the sample tg process
it through the test to get usable re-
sults. .

b Prepars at least a 50% diluuon and
analyze it plus an’uadiluted aliquot.

c Prepare a variety of dilutions.

d bse some other analytical method
to get a rough estimate of the ex-
pected concentration. '

B Final Volumes

1 Dilute to a firial volume sufficient to rinse *
the measuring glassware and provide the
test volume cited in the referenced ‘method. -

2 Save any undiluted sample.
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- .

V! PROCEDURE FOR USING A SPECTRO- 10 Closé the cover and turn the light
PHOTOMETER control (right) knob until the needle
. reads zero absorbance (on the
A Zeroing Operation ower sc#le). .
The [olloh-ing steps hawve been written 11 Record an absorbance of zero for
° for spectrophotomete: s used in this this zero concentration solution on_*
course. Check the manual for the a data shest. (See pext page).
available instrument for the steps . .-
applicable for your work. 12 Slowly remove the cell and close the
- ' cover. (No solution should spill insjde
1 Set the wavelength control to the instrument). Keep the nolution in
the setting specified for the the cell.
e standards you are testing. .
Approach the setting by be- 13 The needle should return to the infinite
giwnning below the number : absorbance setting. It it does nof:

and dialing up to it.
a Reset the needle to the © absorbance

2 1f a cell i8 in the holder. re- mark using the power switch/zero
r.ove it. - (left) control knob. .
.
3 Close the cell holder cover. ‘b Re-test the reagent blank solution

using steps 7 through 12 above.
4 Turn the power switch/zero

control (left) knob until the - c 1f the needle does not return to the
needle reads infinite (symbol @ ) : @ ahsorbance mark. another setting
absorbance (on the lower scale). as noted in a. and b. i8 required.
. . Additional. warme-up time may be
5 Rinse a cell two times with necessary before thesc settings can
tap water. two times with ©  be made, ~

distilled wter, then two -

times with ‘he reagent blank ‘

Vg Reading Absorbances ™

solution. .
Using a single cell in the spectrophotometers
€ Fill the cell about three- used in this course
. foarths full with reagent
blank solution. 1 Piscard any solution in the cell.

g Thoroughly wipe t.}xe outside 2 Rinse the cell two times with tap water.
of the cell with a ‘igsue to and two times with distilled water. Then
remove fingerprintA and any rinse it two times with the lowest concen--

. spilled solution. "{N the tration standard remaining to be tested.
cell by the top edges. N -or with procesuse.l sample.
8 Open the cell holder cover and kY 3 Fill.the cell nbout three=fourt-s full with
gently slide the cell down into the same standad or gample.
the sample holder. ) '
"f 4 Use a tissue to vemove any fingerprints
9 Slowly rotate the cell until ' from the cell and any droplets on the
the white vertical line on outside. Hold the cell by the top edges.
the cell is in line with the P ’
ridge on the edge of the 5 Open the rell holder cover and gently
sample holder. - slide the cell down into the sample holder.
oy 21-5
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USE OF A SPECTROPHOTOMETER

6 Slowly rotate the cell until the
white vertical line on the cell
is in line with the ridge op the ’
edge of the sample holder.

7 Close the cover.

8 Record the concentration of
t he standard and its absorbance.
on 2 data sheet. (For a sample;
record its identification code and
its absorbance on the data shect).

-1 DATA SHEET. R
Concentration Absorbance
mg/liter * .
0, 00
- [
.
3
- .
FAMPLE
EAMPLE

r4

‘s Repeat steps 1 through 8 (above) for

each standard and sample to be
tested. If a large number of meas-
urements are to be made. check the
‘instrument calibration every ilfth
reading.

’ a Use another aliquot of &
solution alresdy tested to
see if the same reading is
obtained. If not. repest the
zeroing operation in A (above).

. .
b Alternatively, you canlise the
. blank, if supply permits. and
- repeat the zeroing opersation
in A, (above), ,

21-8
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B Highest Reading 16 Less Than 0.6

When all the readings have been
obtained, discard my‘solutlon
remaining in the cell and rinse

the cell with tap water. Clean

the cell more thoroughly. (Iil C.3}.
as soon a8 possible.

If no other testa are to be done.
turn off the instrument. pull out

‘the plug and replace any protective

covering. -

o
CHECKING RESULTS
Readings Greater Than 0,70

On our instrument, these are considered

" to be iaaccurate, Check the mamual for

your instriiment or check the scale divi-
sions to determine the limit for other
models.

1 Do'not use readings greater than
0,70 to develop a calibration curve.

2 From five to eight pointa (counting
zero) are recommended for constructing
a calibration curve, If you have fewer
than five usable values. you shquld not "
draw a curve. : :

3 To prevent excessively high values
, in fature tests. decrease the cell
" path Iength. if possible, by using
an adapter and smaller cell.

4 If you cannot decrease the Jeu path
length, you can at least obtain
enough values to construct a curve.
Prepare standards with five to eight
concentrations ranging from zero to
the coffentratian of the standard
having an absorbance nearest to'0.70.
This gives you more values for a curve.

- but it reduces the applicable range of N

the test. Usually the sample can be
diluted before testing so the rft
will fit on the standard curve,

1 Increase the cell path length by ysing
a larger cell.” A higher reading‘results.

2 Prepare a differeat set of standards
with greater concentrations. *
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VIIf CONSTRUCTING A CALIBRATION
CURVE ! o

if you have from tfive to eight usable
absorbance values, yoy-can construct
a concentratiorr curve. N .

A Graph l’aper

Should be divide] into squares of -
equal size _i.n both directions

B Concentration Axis

I Labeling

The longer side should be
labeled at equal intervals

. with the concentrations of
the calibration standards
marked from 0,0 to at least
the highest concentration '
recorded for the standards
on the data sheet,

’

2 Cnits

a It is most convenient.
to express these con-
centrations in'the units
to be reported. Otherwise,
a unitrconversion factor ¢
would have to be applied
to obtain final. teportable”
values every time you use
the curve,

Example: If you dilute a
standard solution to make
100. 0 ml volumes of cali-
bration standards. you
have a choice in expressing
the resulting concentrations.
You can use weight/ 100 ml.
or you can calculate weight/

I liter. If you are to report
results as weight/liter, but

. you canstruct yolr curve

: using weight/100 ml, you will
have to multiply every sample
result from the curve by

"‘:go dér 10 to pbtain the re-

§ por?nble value, It is much
easier to convert the original
calibration standard concentra-
tions to the desired units and to
use these as labels on the graph.

O
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C Absorbance Axis
1 Labeling

The shorter side should be
labeled at equal lintervals
.. with absorbance Rumbers
. ‘marked from 0.00 Yo at least
0. 70 absorbance units.

“D Plotting the Curve

1 Use the absorbances recorded
" for each standard concentration
to plot points for the.curve,

The points should fall in a
reasonably straight line.

Use a straight-edge to'draw °
a line of best fit thrpugh the
points. If the points do not

all fall on the line, an acceptable
restlt is an equal number of
points falling closely above.
as well as below-the line.
Experience provides a basis’
for judging acceptability.

o

4

It is not perfnissable to extra-
polate the curve.

X

IX USING THE CALIBRATION CURVE

A Finding concentration of the sample

1 Use the absbrbance value(s)
recorded for the saniple(s), and
tEe calibration curve to find the
concentration{s). If the toncentra-
tion units differ from those required
for reporting results, apply a unit

- ,conversion factor (VIIB,. 2), -

.+ 2 1f more than one dilution of a sample

- was tested, use the result'that falls .

nearest the middle of the.curve.

B If a sample was dilated, calculate the
dilution factor and apply it o the con-
centration you find for-the sample from

- the calibration curve,

.

14
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1 Di -.on Factor=

final dilution volume
ml sample L5ed in dilution

2 Example: You diluted 10 ml
- sample to 50 ml, The con-
centration found by using a
calibration curve was 0.5

: ' mg/liter.
4
Then-
. 50ml x 0.5
. constituent, mg/l 'I'O—mlxru.-rﬂs

2,5 mg/liter

21-8 o

ERIC

Aruitoxt provided by Eic:

This outline was prepared by ‘Audrey D.
Kroner, Chemist, National Training and
Operational Technology Center, MOTD.
OWPO, USEPA, Cincinnati, Ohio 45268

Descriptors: Analytical Techniques,
Chemical Analysis, Colorimetry, .
Laboratory Tests, Spectrophotometry



O

ERIC

Aruitoxt provided by Eic:

t LABORATORY PROCEDURE FOR TOTAL PHOSPHORUS -
. . . 4
1 SCOPE AND APPLICATION IV PREPARATION OF FILTER DISCS
A This method i3 for the determination of The 0.45 um filter discs must be phosphorus-
total phosphorus in drinking, surface free. These can be p&rchnsed or you can
add saline waters and in domestic and treat discs as followsX2)
“industrial wastes. ~ . ..
N A Soak the discs in distilled water, about 2
B It is applicable for concentrations of liters for every 50 discs. for 1 hour. .
¢ +0.01to 1.0 mg P/liter. This range can . o : N
be extended by dilution of the sample. B Pour off tha water and-replace it.
[ C Soak the discs another 3 hours.
.11  APPARATUS .
. . D Pour off water and dry.
A Spectrophotometer with a light path of .
1 ¢m or lenger for measurements at 650 E Check tv o or three dried discs by placing them -

or 880 nm

B pH meter and electrode(s) to fit 125 mt
Erler_:meyer Lask

. C Filtration assemblies for 0.45 nm discs.
‘to filter about 10 ml test sGlution

~ ‘i1 PREPARATION OF GLASSWARE (1)

A Traces of phosphorus on the glassware
used in the test will cause significant
_errors. The glassware and filtration
apparatus should be acid-washed. If
this equipment-can be reserved to use
only for thia test, the acid wash is only
required‘occasionally, .

1 Wash equipment with hot 1:1 HC1 .
in a hood. Wear rubber gloves. ,

2 Rinse with tap water, then distilled
water. ’

3 Fill.or rinse each plece with the
combined reagent used in the test
to check for traces of phosphorus.

. A blue color will form if phosphorus

, . is present. ..

.

’ 4 Repeat the washing instructions until
all phosphorus is removed (no color).

° 5 Then rinse everything several times, -
‘with asuueq water and allow it to dry.
CH. PHOS. lab. 4: 11,77 '

s v

in a small volume of combined reagent. If a
blue color develops. -phosphorus is present

«and you repeat the wash operations.
U no color develops. the discs are ready
for use. '

V REAGENTS(!)

10N Sodium Hydroxide

Dissolve 40 grams sodium hydroxide in about
80 ml distilled water. Cautjon: heat and fumes
are liberated. Cool and dilute to 100 mL~
0.IN Sodium Hydroxide

Dilute 1 ml 10N sodium bydroxide to 100 ml.
11N Sulfuric Acid

Slowly add 310 ml conc. sulfutic lc,d to 600 ml

distilled water, When cool, dilute to one lter. _

0. 11N Sulturic Acid

.

Dilute 1 ml 1IN sulfuric acid to 100 ml.

'SN Sulturic Acid

Slowly add 70 ml conc. sulfuric acid to 400 ml _

distilled water. Caution: Heat is liberated.
When cool, dilute to 500 ml, ’
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LABORATORY PROCEDURES FOR TOTAL PHOSPHORUS 5

'F Aatimony Potassium Tartrate Solution
Weigh 1.3715 g K(SbOIC4H4Og* 1/ 2 H20.
Dissolie in 400 ml distilled water in a 500
ml volumetric flask and dilute to volume.

Store at 4°C in a.dark. glass-stoppered
bottle.

G Amunoniuni iMolybdate Solution | |
Dissolve 20 g(NH4)gMo70p4° 4Hy0 in 500
ml of distilled water. Store in a plastic:
bottle at 4°C. .

H o, lAl Ascorbic Acid

Inssolve 1,76 g of ascorbic acid in 100 ml

of distilled water. The solution is stable for

about a week if stored at 4°C.
t Combined Reagent

This reagent must be freshly prepared for

each run. For 100 mI, mix E.F.G. and H.

in the following proportions and order. (All

reagents must be at room temperature)
» . -

1 50 ml 5N sulfuric acid.

2 5 ml antimony potassium tartrate solu- -
tion. Aix well. If turbidity forms. let
mix stand a few minutes. then shake
again. Repeat until turbidity disappears.

3 15 ml ammonium molybdate solution.
Mix well. Follow directions in 2. if
turbidity forms.
4 30 ml 0. 1) ascorbic acid. Mix well.
. Follow directions in 2. if turbidity forms.

J Ammonium Persulfate,

 No preparation i8 required. This i8a
. vigorous oxidizing agent so store it with
appropriate caution.

'K Stock Phosphorus Solution -

Weigh 0.2187 grams of po!as.slum dihydrogen

phosphate. KHoPO,. which has been dried
at 105°C and cooled. Dilute to 1 liter in a
volumetric flask. This solution is stable

"+ up fo 8 months if stored at 4°C.

‘1.0 ml= 0,05 mgP.

22-2

- L Standard Phosphoous Solution

1 This solution should be prepared atthe
time of use, It is for tests utilizing 1 cm
spectrophotometer cells. For other light
path lengths, adjust the coacentration
accordingly.

2 Dilute 20,0 ml stock phosphorus solution
(at room temperature.' 0 1 liter in a
volumetric ﬂa:g

3 1.0 ml= 1.0ugP.

vl PROCEDURE!! . .

A Preparation of Calibration Standards

1 Mark nine 50 ml volumetric flasks with
* the concentrations listed in Table 1.,

2 Using volumetric pipets. measure the
amounts of standard phosphorus solution
listed in the table into the corresponding -

50 ml flask.
TABLE 1
Use These . For this
mls St'd P, Conc. , m Absorhances
801/50 ml P/l b .
0 0. 00
1.0 0.02
3.0 0. 06
0.0 § 0.10
10.0 0.20
[20.0 0. 40
30.0 0. 80
40.0 0. 80
50, 0 T.00
SAMPLE

1354
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LABORATORY PROCEDURES FOR TOTAL PHOSPHORUS

. . 3 Dilute each to the 50.0 m]l mark,
stopper and mix thoroughly.

4 Note: The flask containing 50 ml
distilled water (0. 00 mgP) is the
reagent blank, . . i

. 5 Mark nine 125 ml Erlenmeyer
flasks with the concentrations -
listed in Table 1.

6 Pour the né: standards into the
corresponding Erlenmeyer flask.

B .\leaaureme?xt of Sample

r .
1 Label a 125 ml Erlenmeyer flask
with the sample {dentification cnde.

2 Shake the sample.

—\ 3 lmmediately pipet 50 ml of Aamp‘le
into the flask, .

a 1f the P concentration of the
sample is unknown or if it
is known to be greater thah
1,0 mg/l, use the well shaken
sample to make appropriate
- dilutions in 50 ml-volumetric
flasks.

b Record the ml of sample used
in dilution.

- ° ¢ Transfer the 50 ml dilution(s}
. to 125 ml Erlenmeyer flasks
that have been labeled with the

ml of sample used in the dilution.

¢ Digestion of Calibration Standards and
Sample(s)

"1 Turn on the hot plate(s). You
need surface area for all the
125 ml Erlenmeyers flasks con=-
taining standards and sample.

2 Use a 10 ml graduated pipet to
add 1 ml 11N sulfuric acid to
each fask.

3 Use a measuring scoop to add
0.4 gram ammonium persulfate
te each flask.

Add 4 glass  boiling beads to
each flagk.

\

5 Swirl each flask to thoroughly
mix the coatents.

6 Place the flasks on a hot plate

. and gently boil for 30-40 minutes

- or until a volume of about 10 ml
18 reached. CAUTION: Do not
allow any to go to dryness.
Alternately. the flasks may be
auto-claved for 30 minutes at ’
121°C (15-20 psi).

"7 Cool the flasks, ~__~

D Filtration of Standards and Sample(s)

1 Filter each digested standard and
sample through individual phosphorus-
free, 0,45 am pore aizg filter discs.

a Be sure filter appara-ma is free .
of phosph

us conta .

b Rinse each Erlenmeyer flagk
with two 5 ml portions of dis-
tilled water anc filter each
portion through the corresponding

. disc,

2 Pour each filtrate back into its corres-
ponding 125 ml Erlenmeyer flask, Use
one 5-10 ml portion of distilled water
to rinsge the filtering flask into the
Erlenmeyer flask.

E pH Adjustment of Sta'ndards’ and Sam ple(s)

1 Adjust the pH of each. solution to
7+ 0.2, using a pHl meter as follows:

a CAUTION: Be sure any buffer
solution used to calibrate the
meter has been completely
flushed off the electrode(s). Use
combined reagent to check.

b Add 10N sodium hydroxide
rapidly to a pH of 3, then

. dropwise to a pH of 6.

¢ Add 0,1 N sodfum hydroxide
dropwise until the pH is hetween
6,8-7.2, If you over-shoot the
desired pH. add 0, 11N sulfuric
acid dropwise umtil the pH {8
. between 6.8-7. 2.

2 Add 0.1 ml (2 drops) of 71N stlfuric
acid to each pH-adjusted soluton.

22-3
et



O

ERIC

Aruitoxt provided by Eic:

- »

1.ABORATORY PROCEDURES FOR TOTAL PHOSPHORUS

w

Pour each solutioa back into

the 50 ml volumetric flask

N used to prepare it. (You will
need an acditional 50 ml flask °
for any undiluted sample(s).)

4 1If there is 1ess than about 45 ml
in the volumetric flagk. use about
4 ml distilled water to rinse each
125 ml Erlenmeyer into tihs 50 ml
volumetric flask.

. 5. L.. :te each solution to the 50.0

ml mark,

' 6 Stopper and invert each flask
to thoroughly mix the contents.

7 Return each solution to its
. corresponding (nlean) 125 ml
Erlenmeyer flask. "

F Colorimetry

1" Pipet 8.0 m! of combined reagent
intp each Erlenmeyer flask.

2 Gently swirl each flagk.

3 Note the time. After 10
minutes (and not nore than
30 minutes), make gpectro- -
photometric readings at
880 nm.. (650 nm may also .
. be used). :

a Use the 0.00 mgP/liter
reagéent blank to calibrate
the instrument,

b Record the absorbances in -
' Table 1 (A. 2. above) next
to the corresponding con-
centrations of the standards.
A space is also provided
for recording the absorbance
of the sample. -

VII CALIBRATION CURVE

A Obtain a piece of graph paper and label
the axes. ‘The longer gide should be
labeled with the concentrations of the
standards as given in Table 1. Thé
shorter axis is labeled from 0,00 to
1,00 as the absorbance axis.

22-4

° B Use the absorbances recorded forthe
' °, standards in Table 1 and the corres-
ponding & atjon of the gtandards
to plot a calibration cu:ve.

VOl RESULTS S

(%]

A Use the abgorbance value recorded in
. Table 1 for the sample to find total

phosphorue conceatration fronj the curve.

1 If more than one dilution Was run. '
use the result that falls nearest the .
middle of the curve.

B Dilution Factor ° .

If the sample was diluted. calculate
the dilution factor and apply it to the
concentration you found for the sample
by using the curve.

1 Dilution Factor = -
4 50 ml .

ml sample used in dilution

2 Example: You diluted 10 ml sample
to 50 ml. The conacentration found
using the curve was 0.4 mg/l. Then:

Total P. mg/l = 50 ml x 0.4 mg/1
. 10 ml

Total P. mg/l = 2.0
REFERENCES
1 Methods for Chemical Analysis of
. Water and Wastes. 1974. U.S.EPA,
MDQARL, Cincinnati, OH, 45268.

2 Standsrd Methods for the Examinati

f

of Water and Wastewater. 14th c ition.

. 1876, APHA-AWWA<~WPCF, Washington.

D.C.. 20036. .

»

This outline was prepared by Audrey D. Kroner,

Chemist, National Training and Operational

Technology Center. MOTD. OWPQ, USEPA,

Cincinnati, Ohio 45268

Descriptors: Analytical Techniqueés. Chemical

Analyais, Laboratory Tests, Nutrients.
Phoephorus. Water Analysis
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" I 6PADNS PHOTOMETRIC METHOD

» A: Eeagu‘zs . .

1 Bussolve 0.958 g. SPADNS in distilled
water and dilute to approximately 300 .
ml in a 1-liter volumetric flask.

2 Dissolve™.133 g zirconyl chloride in
about 200 ml distilled water and.add to
thé. ﬂask.

3 Add 350 ml concentraled HC1 and dilute
to ! liter. \

4 Fluoride stock solution: 0.2210 g NaF
- dissolved in 1 liter distilled waler
(l ml =0.1 mg F).

5 Standard fluoride solution: dilute above

stock golution 1:10 with distilled water
{1 ml=0.01 mgF) {or dilute 1:10Q to
make 1.0 ppm F standard). .

6 Sodium _nrsenne:\l:llwn: 5.0g
. NaAs O, dissolved ln 1 liter distilled
water.

B' Procedure

-1 Prepare iwo separate standnrds ag
follows:
a’o Ppm standard - carefully measure
(with a volumetric pipet) 50 m} of
distilled water. a

~

b 1.0 ppm standard - carefu‘lly meaxure
: ~4with a volumetric pipet):50 m} of"
e 1.0 ppm F standard solution.

2 Carefully measure 50-ml portioas of -
each unknown nmple

3 Add 10 ml of reagent to ench -tandard
and sample.

"4 Carefully shake each of the standards and

., sample(s) to mix them with reagent.

Cl;i. HAL.f. lnb.:’!l. 11.77
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- PLUORIDE ANALYTICAL PROCEDURES - SPADNS : ‘

5 With the distilled-water standard (0 ppm
F) in the cuvette, adjust the photometer
slit 80 that a reading of . 300 or . 500 on
the ; . - bance scale is obtained. Use
awa ' ngnof 570,

6 Replace the 0 ppm slandarc(with,the -
other standard and samples in succes-

* sion, noting the absu. .ance reading in
each case. N v

7 Calculate the fluoride content of the
unknown samples by the formula:

’.

Ag " AL L

T RR
where X is the fluoride content of the
sample in ppm,

' where A, is the absorbance reading
oi the 0 ppm stapdard,

" where Ay is the aanrbance reading
of the unlcnown sample, and

where A is the absorbance reading
of the l.O ppm standard.

N 1 .
If preferred, a curve may be 4rawn by
plotting the absorbosice readings of the
two standards and connecting with a
straight line. The ljnr may be extended
to 1.4 ppm, but no further.

Reference -

1 Standard Methods for thé Examination .
of Water and Wastewater, 14th ed., .
1878, APHA~-AWWA-WPCF,
Washington. D.C. p.388

Thig outlineé was prephred by Dr. E.
Bellack. Office of Water Supply, EPA;
Washington. D.C.

Descrlptors Analysls, Chemical Analysis,

l’-'luorldauop. Fluorides, Fluorlne, Water
Analysis.
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’ FLUORIDE ANALYTICAL PROCEDURES = ELECTRODE
"

r
’

I ELECTRODE METHOD(Using a pH Meter) —r —
. - Standard Soln. Dist, Wate m F
'A Reagents - - L ard So r g F_ppm
L4 . - .
. ~ 5 45 0.01 9.2
.1 TisAB . 10 40 0.02 . 0.4
) 15 . 4 35 0.03 0.5
a Place approximately 500 ml distiiled 20 30 0.04 0.8
water in a I-liter beaker. Add 57 ml 25 25 0. 05 1.0 '
conc. acetic acid, 58 g. sodtum 50 0 » ¢0.10 2.0
- chloride and 12 g sodium citrate, .

Stir to disgolve.

b Place the beaker in water bath (for
y . cooling), insert a calibrated pH
electrode and a reference electrode
into the solution and slowly add
approximately 6N sodium hydroxide
until the pH is between 5.0 and 5. 5.
Put into a 1-liter volumetric flask
- and add distilled water ta the mark.
. Mix well.

--2 Fluorji¥e stock solutiomr .

a Dissoljve 9. 2210 g. sodium fluoride
in-1 liter of distilled water (1 ml =, -
0.1 mg F). _
PR 3 StandardLﬂﬁoride s&ﬁon vl
a Dilute 20 ml of the above stock
solution © 1 liter (1 ml = 0,002 mg F).
B Procedure : -

" 1" Prepare 4 series of standards by
pipetting :he indicated amounts of \
standard fluoride solution into labeled
150-ml beakers, adding the indicated -
amolnts of distilled water (by pl&et).
and then adding 50 ml of TISAB to each.

LI .

O
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4 2 In 156-ml beakers place by'pipet 50/ml
" samples. Add 50 ml of TISAB to epch.

- Bring standards and samples to th:
same temperature (plus or minus ..\C).

3 Immerse the electrodes and measure the
developed potential while stirring the '
test golutions with a magnetic stirrer.

Allow the electrodes to remain in the
soluilon for. 3 minutes before taking

a final mv reading. - Rinse electrodes

with distitlled water and blot dry between - ¢
each reading. Record mv reading for

each standard. .- .
Read samples similarly.- Confirm the
electrode-calibration by checking the
reading of the 1.0 ppm standard be-
tween samples.

5 Plot the potential measurement of
stsndards in mv along the arithmetic
. horizontal axis of 2-cycle gemi-
Jlogarithmic graph paper. Plot ppm
on the vertical logarithmic axis, stsrt-
ing with 0.1 ppm at the bottom.

. .6./Read the fluoride cohcentration of the .
" . unknown samples from the standard
| . curve prepared from the readings
obtained on the standards.

24-1,



Fluoride Analytical Procedures - Electrode

1 ELECTRODE METHOD USING PORTABLE 3 Pipet 10 ml of sainples m)o labeled
METER (Specific lon Meter) beakers. Add 10 m! of TISAB to ea.h.
A Reagents 4 immerse the electrodes in the 1,0 ppm .
L standurd, Set the selector of a Mbdél. ,
1 ‘Tl.*,AB 407A meter on "X~" and swirl the beaker

gently for 3 minutes, On the Model 409

a3 Prepare as for reg\.lar Electrode meter the selector should be set at

Metbod. or

. e 0.5 - 2",
b Use rommercially prepared TISAB
or Fluor-Ade buffer X 5 Adjust the meter so that the poimer
reads 1.0 ppm. Use the calibration
2 Standard fluor:de solution knob on a Model 407A or the "0 5-2"

a Dilute fluoride stock solution 1:10 knob oa a Model 408.

with dfstilled water to make 10 ppm - ‘
F gtatdard (1 ml = 0,01 mg F) and 6 Turn off the meter. lift the electrodes.

dilute fluoride stdfk solution 1:100 - < ringse them in distilled water and pat
with distilled water to make 1-ppm ( dry with a tissue,

F standard. or v

7" rmmerse the electrodes in ithe 10 ppm

b Use commercially prepared standards. or 2 ppm standard. set the selector of .

i Procedure * . . @ Model 407A meter on "X"" or thatofg *
B Procedur - . - Model 408 on "0, 1 - 10" and sw r1 the
1 Prepare two standards: - beaker gently for 3 minutes. Adjust
" the meter until the pointer indicates the
a Ina beaker labeled "1, 0 ppm" add by proper concentration, using the
pipet 10 m! of the 1. 0 ppm flVoride - Temperature Compensator of a Mcdel
.. standard solution or about 20 ml of 407A or the "0.1 - 10" knob on & Model
commercial 19 ppm standard. ) 409. Turn off the meter, pinse and dry .
~ b In a beaker labeled '"10 ppm" add by . .the clectrodes after each uge, -
| . Pipet 10 mlof s - 10,0 ppm fluoride
standard solut.on (1 ml = 0.01 mg F) ' 8 lmmerse the electx‘odes ina aample. set
or about 20 m! of the commercial the rgeter pelectar to "X"" or 0.5 - 2",
2.0 ppm standard? swir] thé beaker gently for 3 minutes.

and readt the fluoride mrcentration -

2 Add 10 ml (by pipet) of TISAB to each of dlrect.ly h‘om the meter che'

the standards. Commercial standards

already have TISARB added so require fo - L4

Kmﬁrlem!._"_

E———— . . )
REFERENCE .

. . : L

Orion Research, Inc.. Analytical Metiods
Guide. October 1971
. ‘sis,

This Oumne wu prepared by Dr, E, Beuack
Office ol Water Supply. EPA, Wnshmgton. D.C.

. . Deacﬂptors Analyals. Chemical Analysis.
. Fluoridation, Fluoride, Fluorine. Water
. Amlysis. P
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DETERMINATION OF NITRATE/NITRITE NITROGEN (CADMIUM REDUCTION METIIOD)

-~

1

'SCOPE AND APPLICATION

This method i8 for the determination of
total nitrate and nitrite nitrogen in drink-
ing, surface and saline waters. domestic
and industrial wastes. By carrying out
the procedure without the initial reduction
step. the method determines only nitrite
nitrogen. Thus separate nitrate nitrogen
and nitrite nurogen values can be obtained
by carrying out the procedure first with, -
and then without, the initial reduction step.

The applicable range of this method is

0.01 to 1.0 mg/ liter nitrate/nitrite nitrogen.
The range may be extended by dilution of
the sample.

APPARATUS

Spectrophotometer with a hght path of 1 em

' or longer for measurements at 540 nm.

© CH.N.nfalab L1177 ~ :

O
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pH meter and electrode(s).

.Reduction Column.

1 Cut off both ends of a 100 m! volumetric *
pipet so that it measures 10 cm from the
base of the cup/to the top. and about 25 cm
from the ¢ of the cup to the end of the
column.

2 Use glass wool as a plug for the 'column.

3 ‘Attach a piece of tygon tubing (about 7.5 cm
length)to the lower end of the cqlumn

4 Put twq screw clamps around t.he tygon
tubing. .The-upper clamp is used to adjust
the flow rate and the lower is used to stop
the flow of solution,

5 Pput the clamp in a buret suppert on a ring .«
~ stand. ’

6 You can purchase reduction columns for
this procedure.

1

2o

-

G

H

.

REAGENTS(D

Distilled Water

Al
An ion exchange columnn in conjunction
with a still provides an adequate supply
of highly pure water.

Concentrated Ammonium Chloride - .
EDTA Solution

Dissolve 13g ummom‘um'chloridc'and 1.7g
disodium ethylenediamine tetraacetate in
$00 mi distilled water. Adjust to pll 8.5
wnh concentrated ammonium hydroxide
and dilute to 1 liter with distilled water.

Dilute Ammonium Chloride - EDTA Solution

Dilute 300 ml concentrated ammonium
chloride - EDTA Solution to 500 ml with,
distilled water.

Color Reagent

Add 100 ml concentrated-phosphoric acid to
about 800 m1l distilled water in a 1 liter volu-
metric flask. Mix well. Dissolve 10g
gulfanilamide and 1g N(1-naphthyl}-ethylene-
diamine dihydrochloride in the acid mixture.
Mix. then dilute to 1 liter with distilled
water.

Ziac Sulfate Solution (Turbidity Removal)

Dissolve 100g zinc sulfate hepmﬁydrate in
distilled water and dilute to 1 liter.

6N Sodium Hydroxide Solution (Turbidity
Removal) )

Dissolve 24g sodium hydroxide in about 80 mi
distilled water. Caution: Heat and fumes ate
liberated. Swirl to dissolve and cool the mix-
ture. Dilute to 100 ml with distilled water.
Non-polar Solvent (Oil and Grease Removal),

a supply of freon, chloroform or equwalent.
conc. Ammonium Hydroxide (pH adjustment)
con<. Hydrochloric Acid (pll adjustment)

25-1



DETERMINATION OF NITRATE/NITRITE NITROGEN (CADMIUM REDUCTION METHOD

1 6N llydr chloric :\cid/ P Stock Nitrite Solution
Add 50 n.i conc. hydrochloric acid to ahout Weigh out 6.072g potassium nitrite,
45 ml distilled water. Swirl. cool and dissolve it in distilled water and dflute
diluta to 100 ml. ’ ' to 1liter. Preserve with 2 ml chloroform.
The solution i8 stable up to 3 months if
K 2% Copper Salfate Solytion stored at 4°C,
Dissolve 20g copper sulfate bentahydrate - 1.0 ml = 1.00 mg nitrite nitrogen. .
in 500 ml distilled water. \‘Jilule to . .
1 liter. ‘ ) Standard Nitrite Scuution
R This solution should be prepared at the time*
1. Granulated Cadmium . of use. It is for tests utilizing 1 ¢m Spectro-
. . photometer cells. lor other light path lengths.
Each column requires about 20g cadmium, adjust the concentration accordingly.

granulated toapass a 10 mesh sieve and to he
retained on a 40. then a 60 mesh sieve.

Filing stick cadmium should be done in a
hood to avoid inhalation of small particles.
The correct mesh cadmium can be purchased.

1 Dilute 10.0 m] stock nitrite solution
(at roow temperature) to 1 liter in -
- a volumetric flask.

2 1.0 ml = 0.01 mg nitrite nitrogen
AY

Stack Nitrate Solution : R

N . : HENl
Weigh out 7.218g potassium fitrate. dissolve [V PREPARATION OF REDUCTION COLUAIN'

it in distilled water and dilute to 1 liter. . .
Preserve with 2 ml chloroform. This solu- A Copperizing the Cadmium
tion-ig stable up to 6 months if stored at 4°C.

! Weigh out about 20g cadmium granules
and place them in a 400ml beaker.

1.0'nil = 1.00 mg nitrate nitrogen

2 Add enough 6N hydrochloric acid to
cover the granules. .

This solution should be prepared.at the time .

of use. It is required only when the cadmium ( Swirl. then-decant off the acid. (Note:

has been washed with acid and copperized to All through this procedure: decant into

prepare or to re-activate a column. a filter paper in a funnel .supported in
L : an old bottle. etc.. whenever small

1 Dilute 1.0 i stock nitrate solution . particles of cadmium are part of the

(at room temperature) to 1 liter in decanted material.)

a votumetric flask. :

N Column-Activation Nitrate Solution

4 Add enough distilled water to cover

2 1.0 ml = 0,001 mg nitrate nitrogen the granules. :

" O Standard Nitrate Solution - 5 Swirl to'wash. then decant off the water.,
6 Yash the granules two times more usii’!g

This solution should be prepared at !hé time
. slcpsh and 5 above.

- of use. It is for tests utilizing 1 ¢m spectro-
“photometer cells.” For other light path lengths,

adjust the concentration accordingly. Pour abaut 100 ml 2% copper sulfate

solution over the granules.

1 Dilute 10.0 m! stock nitrate solution -

(at room temperature) to 1 liter;ina -
volumetric flask. . .

8 Swirl until the blue color of the copper
. gulfate fades (about 5 minutes). A brown.
very fine precipitate of metallic copper
should form.

2 1.0 ml= 0.0l mg nitrate nitrogen. .
. ) . 9 Decant off the cspper gulfate solulion.
25-2 N
10 . Repeat the addition of fresh copper sulfate .

ERIC
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N OF NPrRATE/NITRITE NITROGEN .(CADMIUM HEI)UCTIO&}IE'F!'OI))

<

DETE{\INATIO

-

solution as in steps 7 thraugh 9.
A significant amount of the brown,
copper precipitate should form
(If no precipitate forms, do a
third treatment using steps 7 - 9
‘above). .

11 .Remove all the brown precipitate
by adding at least 10 distilled
water rinses{in about 75 ml
amounts), and decanting off
the precipitate into the filter
paper set-up described in 3
above. Using a spatula to
move the precipitate along with
the water facilitates this operation.

=

Checking Granule Size

! Usc.a spatula to transfer the
copper-cadmium granules to
a 60 mesh sieve.

[X)

Hold the sieve over the filter
paper set-up. Squirt distilled
water over the granules at
least three times to wash any
"fines'' through the sieve.

.

3 Use the squeeze bottle for
distii.d water and a spatula
% rewurn the granules to the
beaker. :

4 Decant off excess water.

C Filling lh{ “olumn*

1 Close one of the clamps on
the delh:ery tube of the column.

[N

Slowly fili the column almost
to the top of the cup with dilute
ammonium chloride - EDTA
solution. Release any air

* -porkets that are formed.

3 Slowly add the copper-ca'dmlum
grafules and allow them to "float”
down through the solution.. Use
a spatula'to move the wet granules
out of the beaker. Continue this

s addition until you have loosely
filled the column up to about 2 cm
below the ‘cup-like section. (The
column of granules ghould be about
18.5 cm in length).

D Checking the Fiow Rate

1, Place a graduate under the column
and open the screw clamp.

[N

Tinwe the fate of flow. It should
be hetween 7 ml and 10 ml/ minute.

if the flow rate is too fast. tighten
the screw clamp and re-check the
rate. Do this until the flow is 7-10
ml/minute. If the clamp shuts off
the flow before, the desired rate 18
obtained. add mofe copper-cadmiun
granules to the column. Continue
checking the rate and adding granuic»
until the 7-10 ml/minute rate

Jig achie.cdy DO NOT fet the column
go (lr)'.w R .

If the flow ratc 18 too slow,
loosen the clamp and re-check
the rate. If the 7-10 ml/ minute
rate cannot be achieved. remove
some of the granules through
the cup end of the colunmn and
re-check the rate. DO NOT

let the column yo dry.

When the 7-10 ml/minute flow

rate \is achieved, allow the re-
maining solution to drain intil

it is about 2.5 cm above the .
top of the granuleg. Use the

second clamp to stop the flow

of golution from the column.

Add about 70 ml dilute ammonium
chloride - EDTA solution to the
column. - .
Allow this to drain through at
the established flow rate of 7-10
ml/minute. Stop the flow when
the solution is about 2.5 cm
above the top of the granules.

The column of granules should
always be covered with solutiog,
When the column is not is use,
use dilute ammonium chloride -
EDTA solution to cover the
granules. (Allow extra for

evaporation), (

E Activation of the Column
-

Pipet 25.0 ml of the column-,
activation nitrate solution (1.8 ml =
0.001/mg nitrate nitrogen) irfo 3
250 ml Erlenmeyer flask.

Add 75 ml dilute ammonium
chloride - EDTA solution and
mix,

1 ~ P’lace a2 250 ml beaker under the 25-3
3J
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2

colunin and. .if necessary,
. bring the level of storage
golution in the column down
to the top of the granules.

4 Place a graduated cylinder
under the column.

5 Pour the mixture prepared

in 1 and 2 (above) into the
column. unscrew the stop-
flow clamp and time the

flow rate. If the rate is

not bet®een 7-10 ml per
minute. adjust the screw
Clwp which  regulat o
flow until the rate i{s achieved., -

8 Continue the flow of agjivating
mixture through the column
until the level of solution is
about 0. 5 cm above the top
of the granules. Stop the flow,
Any collected mixture should
be discarded.

7 Meisdre and pour into the
coluna\nbout 40 m} dilute
ammonium chloride - EDTA
solutior. Repeat step 5 and
8 (above) procedures. This
"washes'' the column~
activation nitrate solution
off the granules. If you
had to do much adjusting
to get the correct {low rate
in tie step 5 procedure.
do’a-second rinse with about
40 m! fresh. dilute ammonium
chloride ~ EDTA solution,

8 The column {8 now ready
for use.

Alternatively, add 2ml -

zinc sulfate solution to _ '
200 ml sample and

tharoughly mix. . . .

Add 0.8-1 ml (16-20 drops) 8N.
sodium hydroxide solution to
bring the pH to 10.5 (Use a

pH meter).

Allow the heavy. flocculent
precipitate 4o settle by letting
‘the treated sample stand a
few minutes.

Filter the supernatant mrough
a glass fiber filter og a 0,45 um
membrane filter.

B 0Oil and Grease

1 Adjust the pH of about 200 ml of

a non-turbid sample to 2 by
addition of cone. trydrochloric
acid. (Use a pH meter).

Place the sample in a 500 ml
separatory funnel.
L Y

Add 50 ml of a non-polar solvent.
such as freon or chloroform.

Shake gently to extract the oil
and grease.

Allow the solvent layer to separate.

Collect the solvent layer in a 100
m] beaker and discard it.

Repeat steps 3-8 wifh a fresh.
50 ml portion of solvent.

\

The sample.remaining in the separatory

funnel is now ready for .testing.

V REMOVAL OF INTERFERENCES °
FROM SAMPLES "
. VI DETERMINATION OF NITRATE PLUS
A Turbidity NITRITE ’
1 Filter about 200 m} sample A Preparation of Nitrate Calibration 2
through a glass fiber filter Standards
* or a 0.45 aum membrane
filter.
- 140
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DETERMINATION OF NITRATE/NITRITE NITROGEN (CADMIUM REDUCTION METHuUL}

1

Mark 8ix 100 ml volumetric

- flasks with the\concentrations

listed in Table ).

2 Using volumettic pipets.
measure the amounts of .
standard nitrate sajution - .
listed in Table 1 into the .
corresponding 100 ml
volumetric flask. )
* TABLE 1
Use these For this .
mls St'd NO4 conc., mg |Absorbances
So01/100 m} NO3=N/1
. . '
0,0 m} 0.00
0,5 ml 0.05
1,0 ml 0,10
2,0 ml 0,20
5,0 ml 0,50 \
10.0 ml 1,00
SAMPLE
3 Dilute cach to the 100:0 m! ,
mark, stopper and mix
thoroughly.
: 4 Note: The flask containing

100 'm) distilled water
(0,00 mg NO3=N/1) is the
reagent blank.

Mark sb& 150 ml beakers ' .
with the concentrations listed
in Table 1,

Transfer each calibration
standard to the corresponds

_ ing beakér,

. . .
B pH Adjustment of Standards and Sample
<

1

Transfer about 200 ml sample
to a 400 ml beaker, .

a Any treatment required
to remove interferences
"should have been completed
prior to this step.

b Samples may require

dilution if the nitrate .
nitrogen concentration
exceeds 1 mg/liter,

14;

~ 1) Use a 100 ml volumetric
flask and a pipet for each
dilutiorm,

’ 2)/Record the ml sample.
used in the dilution, _ .

3) Transfer the diluted sample
to a 150 m! beaker,

4) Save the remaihder of sample
< in the 400 m! beaker, It will
be requirgd for the nitrite
dete rmination.

2’ Use a meter to check the pH of each
solution. If necessary. adjust the
pH to between 5 and 9 with either
conc. hydrochloric acid or conc,
ammonium hydroxide,

Reduction of Mtrnteﬁtrﬂe ;n
Standarde and Sample plus Color
Development M

1 Beginning with the 0,00 mg/liter
nitratesnitrogen standard (reagent
blank), process each standard
and sample through the reduction
column(s) using the following steps.

2 Pipét 25,0 ml of the standard or
sample into a 250 m! Erlenmeyer
flask labeled with the concentration
of the gtandard or the code of the
sample.

Add 75 ml dilute ammonium chloride= *
EDTA solution to the same flagk and
mix well _by;wh-ling.

Place a‘graduated cylinder (at'least
25 ml capacity) under the column.

w

-

5 Fill the column with the mixture’
prepared in 2 and 3 (above). .

8 Open the stop=-flow clamp.
7 Again. check that the flow rate
is 7=10 ml/minute and make any

adjustments necessary to achicve
this flow.

25-5
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8 Use the stop flow clamp when 25 ml has space is also provided for recording
heen ‘collected. - Discard this "wash”., the absorbance of the sample.
9 Pour the rest of the mixtire prepared .E Calibration Curve
in 2 and 3 (above) into the coluinn. : . ' .
' : 1 Obtain a piece of graph paper and
10 Rinse’the Erlenmeyer flagk and shake label the axes. The longer side
out excess distilled water. ! ahould be labeled with the concentra-
: 1.on8 Qf the standards as given in
11 Place the flask under the column and Table 1. The shorter axis is labeled
collect the rest of the mixture, Stop from 0.00 to 1. 00 a8 the absorbance’
’ the flow when the solution is about 0.5cm axis. \
- above the top of the granules. The flask .
_ contains nitrite in solution, i.e., any . 2 Use the absorbances recorded Yor the
nitrite in the original sample. plus the * * standards in Table 1 and4he correspond=-
. nitrite formed by the column's reduction ing concentration of the atandards to
s of nitrate in the original samples. plot & calibration curve.
12 IMMEDIATELY. pipet 50.0 ml of the 3 Title the graph, "Total Nitrate Plus
reduced 6tandard or sample into & clean, Nitrite." .
labeled, 100 + ml . flask or beaker. (NOTE:
Nitrite can oxidize back to nitrate). F Results
N .
13 :::mz; %m;:::ﬁ:;:“gmt and mix thor S 1 Uae the abeorbafice value recorded in
' . . Table 1 for the sample to find the con-
14 The mixture should stand at least 10

minutes. and not more than two hours
before apectrophotometric measurements.
This allows time to repeat steps 2 through
13 for each standard and sample 80 all
-apacti'oph tric t ts can be
done at the same time. (More than one
column can be used by analysts experi -
enced ln performing the teat).

15 Repeat steps 2 through 14 for each stand-
ard and sample. '

»

D Sbech

P tric Mea

1 Absorbance measurements must be made
within two.houra of the addition of the
color reagent.

a The inatrument must be warmed up.

b Use the 540 nm wavelength,

Use the 0. 00 mg/liter nitrate-
nitrogen standard {reagent blank}
to calibrate the instrument.”

c

2 Record the absorbances in Table 1
(A.2,above) next to the correaponding
R concentrations of the standards. A
25-8
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centration of total nitrate plus ni'trite
nitrogen.from the curve. ’ :

If & dilution was used, calculate the
dilution factor and apply it to the con~
centration you found for the sample by
using the curve.

‘2

& Dilution Factor =

100 m!
ml sample used in dilution

b Example: You diluted 25 ml
sample to 100 ml. The con-
centration found by using the
curve was 0,4 mg/liter. Then:

Total NO4+ NO,-N mg/l =

100

x0,40r 1.8
5 L

3 If more than one dilution was tested, use the
result that falls neareat the middle of the curve.

142
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VII Determination of Nitrite

‘ A Preparation of Nitrite Calibration
Standards '

1 \ark six 100 ml volumetric flasks
with the concentrations listed in
Table 2. .

. '
2 Using volumetric pi;-2ts, measure
the amounts of standard nitrite
*  solution listed in Table 2 into tHe

corresponding 100 ml yolumetr'ic

flask. "
TABLE 2
Use these For this
mls St'd NOZ conc., mg | Absorbancq
sol/ 100 m1 NOz-N/1
' 0.0 ml 0.00 .| oo
0.5 ml 0.05 )
1.0 ml 0.10
2.0.ml ~0.20 - .
5.0 ml &0 - ,
10.0 ml " 1,00
SAMPLE

3 Dilute each to t.e 100. 0 ml mark,
stopper and mix thoroughly.

' 4 Note: The fla-% containing 100 ml
distil'ed water ).00 mg NOz-N)'
is the raagent blank.

5 Mark 8ix 150 m1
concentration..

‘eakers with the

.%ed in Table 2.

. ¢ Urensfer erns calibration zﬁndnrd
to L . esputding beake .

B pH Acjustment of Standards and Sample

1 You aliouid have royerved 100-175
el of undiluted gumple from VIB
(above), .

a Nitrite concentrations are
usually well within the applica-
bilitynf this test so sample’
dilutiont i3 ugually not required.

O

ERIC
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2 Use'a meter to check the pH of
the sample and of each nitrite
standard 8olution. If necessary,
.adjust the pH to between 5 and 8
with either conc. hydrothloric
acid or conc. ammonium hydroxide.

.C Color Development

1 Label clean, 250 ml flasks with
" the concentrations of the standards
or the sample code.

2 Pipet 25.0 mi of each standard
and sample into 'the corresponding
flask. ’ .

B . -

3 Add 75 ml dilute ammonium chloride -
EDTA solution to each and mix well
by swirling.

4 Pipet 50.0 ml of each standard and
+ sample mixture prepared in 2 and 3
into‘a clean, labeled 100+ ml flask.

5 Add 2.0 ml color reagent to each
and mix thoroughly by swirling,

6 Each mixture should stand at least
10 minutes (but not more than two
hours) before spectrophotometric
measurements.

D Spectr_phdiomftric Measurements

1 The insi¥lment must be warmed up.

2 Use the 540 nm wavelength.

3 Use the 0,00 mg&tei‘ nitrite nitrogen
standard (reagentblank) to calibrate
the tnstrument. [
. -
4 Record the absorbances in T'able 2
(A2 .above) next to the correspondiag—
concentrations of the standards. A
sgace is also provided for recording
the absorbance df the sample.
E Calibration Curve ——
1 Obtain a piece of graph paper and
1abel the axes. The longer side-
should be.labeled with the concentra-
. tions of the standards as given in
Table 2+ The shorter axis is labeled
from 0.00 to 1.00 as the absorbance axis.

' . . 25-7
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i ’ .
. * . ’ .

. 4
2 Use the absorbances recorded : B If the column efficiency i8 acceptable. -
for the gtandards in Table 2, N report the results as required. See
and the corresponding concentra- Section IX.
tion of the standards to plot a . . .o
calibration curve. R ‘C I the % efficiency of the reduction
column is not within the acceptable
3 Title the'graph "Nitrite" + range, you should remove the copperized
. ' ,cadmium from the column, add gtw grams
F Results , : of cadmium (new or used) and repeat all
. of section IV, ""Preparation of Reducnon
I Use the absorbance value . Column" (above).
recorded in. Table 2 for he ‘
sample to find the concentra- '
tion of nitrite nitrogen from - IX REPORTING RESULTS
the curve. . . .
The results from this test can be ysed in &
2" A dilution was probably not . variety of ways.to report nitrate-nitrite
necessary. If it was required, concentrations.
' cal¢ulate the dilution factor . :
and apply it to the concentration A Total Nitrate plus Nitrite Nitrogen
you found for the umple Py using ”
the curve. - /1 Report the results from sectidh I F
a Dﬂuuor: Factor = B Nitrite Nitrogen
<«
final dilution volume 1 Report the results from section VIl F
ml sample ysed in dilution .
s, C Nitrate Nltrdgen
VIl CHECKING COLUMN EFFICIENCY 1 Subtract the result for nitrite nitrogen
) - (V11 F) from the result for total nitrate
A Inorder to validate results, check the ' plus nitrite nitrogen (V1 F) for each
j efficiency of the reduction column by sample.
’ comparing at least one,reduced nitrate

standard to a nitrite standard of the " D Nitrate
same concentration, "

- 1 Calculate the concentration of nitrate

1 % emclency = [ . nitrogen in the sample as described
7 N in C. (above).
absorbance of NO St! d‘x 100 .
absorbance of NOZSt'a . 2 Multiply this concentration by .4.43
* Standards of equal concentrauon E Nitrite N
2 The value 1s ncceptuf:l'e if it is 1 Multiply the result for each sample
between 98 and 104%. from section VM F by 3,28

3 The best representation of column '
efficiency is the average of the % : .
emciencies, calculated by comparing
every pair(5) of NO3 and NOy» standards
of eqml concentration.

25-8 S
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DETERMINA TION OF NITRATE/NITRITE NITROGEN (CADMIUM REDUCTION METHOD)

REFERENCE

1 Methods for Chemical Analysis of Water
and Wastes, -1974, U.S.EPA. MDQARL.
Cincinnati, Ohio 45288

This outline was prepared by Audrey D,
Kroner. Chemist. National Training and
Operational Technology Center. USEPA.
Cincinnati, Ohio 45288

Descriptors: Analytical Techniques.
Chemical Analysis. Laboratory Tests.
Nutrients. Nitrate. Nitrite., Nitrogen.
Water Analysis
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LABORATORY PROCEDURE FOR TOTAL SOLIDS

INTRODUCTION '

This procedure was excerpted from methods
for Chemical Analysis of Water and Wastes,
1974, Enviroamental Protection Agency,
Omce of Water Programs, Analytical Quamy
Control Laboratory.

The procedure i8 applicable to surface and
saline waters, domestic and industrial wastes.

The practical range of the determination is
10- 20,000 mg/1.

Nonhomogenous materials {(lurge floating
particles or submerged agglomerates) should
be excluded from the sample. Floating grease
and oll should be included in the sample and
dispersed in a blender before measuring the
aliquot..

Samples should be Analyzed a’s soon as
possible.

EQUIPMENT

Porcelain, Vycor, or platinum evnpornting
dishes, 100 ml capacity; smaller sizes may
be used as'required.

Mutfle furnace, 550: 50°C

) Drytn'gl oven, 103 - 105°C )
Desiccator
Analytical balance

Steam bath or Oven at 98°C
Graduated cylinder. 100 ml

PROCEDURE

. Heat the clean gvnpgrnting dlsh ina muffle
furnace at 550~ 50"C for 1 hour. .

Cool the dish in a des_lccntor'.

_ 1;3.
N | ot

C Store the dish in the desiccator and weigh
just before use.

D Weigh tke dish on an analytical balnnce.(
i
E Shake the sample container vigorously.

F Measure 100 mol of the well mixed sample:
in a graduated cylinder. (At least 25 mg
of residue should be obtained; less volume
of sample may be used if the sample appears
to be high in solids content. If it is low in
solids content, more sample may be added"
to the dish after drying).

G Rapidly, but without spilling, pour the
sample into the evaporating dish.

H Dry the sample on a steam bath, or at 98°c
(to prevent boiling and splattering) in the
oven.

I Dry the exnpornted sample in the oven at’
103 - 105 C.for at least one hour.

J Cool the dish in the desiccator and then
weigh it.

K Repeat the heating at 103 - 105°C, cooling

and weighing until the weight losses agree
within 0.5 mg.

v CALCULATIONS
mg total solids/1 = {wt dish + residue) ~
{wt dish)*'x 1000 x 1000
ml of sample

* in grams

This autline was prepared by C. R. Feldmann,
Chemist. National Training and Operational
Technology Center. MOTD, OWPO. USEPA.
Cincinnati. Ohio 45288,

Descriptors: Analytical Technlques.” Chemical
Analyais. Laboratory Tests. Solids. Water
Analysis
N
28-1
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LABORATORY PROCEDURE FOR NONFILTERABLE (SUSPENDED) SOLIDS

INTRODUCTION |

This procedure was excerpted from Methods
for Chemical Analysis of Water and Wastes,
1974, Environmental Protection Agency,
Methods Development and Quality
Assurance Laboratory,

The procedure {8 applicable to surface and
saline waters, domestic and {ndustrial wastes.

The practical range of the determination is
10 - 20000 mg/1.

All nonhomogeneous particulates (such as
leaves, sticks, f{ish and lumps of fecal matter)
should be excluded from the sample. :

Sample preservation.is not practical; the
analysis should be done as soon as possible.

EQUIPMENT

Glass fiber filter discs, 4.7cmor 2.2cm,

without organic binder. Reeve Angel type

984H, 834A, Gelman type A, or equivalent. .

Membran® filter funnel (for use with the 4.7

cm disc), ura 25 ml Goock crucible (for use

with th2 2,2 om disc) ana crucl_hle adapter.
Graduated cylinders, 25 ml and 100ml. -

500 ml suction flask with hose and pinch clamp

Drying oven, 103 - 105°¢C

Desiccator )

Analytical balance, 200 g capacity, cnpnbmty
o weighing to 0,1 mg.

PROCEDURE : . .

Assemble the filtering apparatus and suction
flask {(either the 2.2 cm disc, Gooch crucible
and adapter, or the 4.7 cm disc and membrane
filter fununel).

PC.lab. 17a.11.77

E

‘-"': (]

. R

oz

Apply suction to the flask and wash the
disc with three successive 20 ml portions
of distilled water.

Continue the suction until all water has
passed through the disc.

Remove the Gooch crucible plus 2.2 cm disc
and dry in the oven at 103 - 105 C for one

Jhour, gor,

Remove the 4.7 cm disc from the mcmbrane
filter funnel dnd dryin the oven at 103 - 105°¢C
for one hour. In Dor E, if the disc is not

to be used immediately; store it in the
desiceator.

Weigh the 4,7 cm disc or 2.2 cm disc plus
Gooch crucible just before use.

Assemble the filtering upparntus. .

Apply suction to the ﬂask,-

Wet the filter digc.
Shake the sample container vigorously

Mensure 100 m! of the well mixed sample
in a 100 ml graduated cylinder, (If the
sample uppears to be low in solids, a
larger volume may'be used). -

Rapldly, but without spilling, pour the .
sample into the funnel or crucible.

Continue the suction until a1l of the water.

has passéed through the disc. . ‘
Rinse the solids with distilled water.

Remove the 4.7 cm disc from "3: funnel,

and dry in the oven at 103 - 105 C to |
constant weight, op - .

Remove the Gooch crucible plus 2.2 em |
disc and dry in the oven at 103 - 105°C
to coustant welght.

,

Note: Drying to cohstant welight refers to the

process of:
. '
i

1) drying th% disc (oF disc plus crucihle)
at 103 - 105°C, 2) cooling in the desi¢cator,
3) welgning, 4) repeating steps 1), 2); and
3). If there is no difference in the two
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Laboratory Procedure for Nonfilterable (Su_ap'ende\d) Solids

final weights, ‘({e disc (or disc plus - .
crucible) has been dried to constant . - . . :
weight, Weights that agree within . . . '
, 0,5 mg are acceptable, In practice . .
the initial drying period is sometimes .
extended to several hmu-s to ensure completé

dtylng ) T P
IV CALCULATIONS ) . / . , . L
mg nonfilterable (suspended) solida/1 » - . oo / .
fwtof 4. 7 cm dilc + resfdue)* - (wt of 4.7 cm disc)* x 1000 x 1000 ; R
.. . . ml of sample filtered .
: o p .. .
or -

‘(wt of 2.2 em disc + Gooch crucible + reaidue)* ~ (wt of 2.2 cm disc + Gooch crucible)¥x 1000 x 1000
ml of sample filtered

N 4
*in grams

' REFERENCE .

-
1. Methods for Chemical Analysis
of Water and Wastes, 1974, U.S. o
EPA, MDQARL, Cincinnati, Ohlo S ' "
45268, C

’

E‘ﬁ&“‘““' "’uﬁ'ipﬁaﬂﬂf'rra{nsng
and Operationll"rechnology Ceater,
' MOTD, OWPO, USEPA, \Gj.ndnmu
) : : Obio 45288

Descriptors: Analytical Technlques,
Che:nical Aulyag’. Laboratory Tests,
Solids, Water Afalyals
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CALIBRATION AND USE OF A TURBIDIMETER (NEPHELOMETER) |, : SN

I BEAGENTS“) : , ~ ~ .2 Stability: Prepare a new standard, . '
. . (- . . *« : 7 Buspension each week. ) k .
. A Turbidity - free water - Pasb distilled ~ T . .
’ water through a 0. 45 um pore size . ‘E Secondary Standards.
membrane filter if such filtered water '
- shows a lower turbidity than the origin, 1, Solutions standardized with Formazin
distilled water, * . " can be purchased from the manufacturer
e, . - of the instrument. - e
¥ B Stock Turbidity Suspension - 400 units A -
o ¢ ! 2 Date-such solutions. Store under the
* » 1 Directions are for preparing 100.0'ml. " . cdnditions specified. Discard and
R Larger volumés may be required. . replace when flocculation in'the
. ' \ eolution 18 observed or when it fails
2 Solution, 1: Dissolve 1.00g hydrazine . . a periodic ¢heck with a Formazin'Standard.
sulfate, (NHy),* H,SO,, In turbidity . o (2)(3)

fre€ water and dilute to 100ml in a « II. PREPARATIONS FOR MEASUREMENTS

vqh'xmutrtc flask, * . A Suspensions v B
. 3 Solution 2: Dissolve 10.00g s
hexamethylenetetramine in turbidity-
free water and dilute to 100ml in a
volumétric flask.

' . 1 Check date of preparation and pre=~
pare fresh solutions if required. . - o

‘ 4 Suspension: Mix 5.0ml Solution 1 B Sample Cpl .
with 5, 0ml Solution 2 in a 100 ml
volumetric flask. Allow to stand for
24 hours at 25 + 3°C. Dilute to the
mark and mix,

1 Cells should be cleaned immediately
after use as described in V. B. below.

. 2 Inspect cells for cleanliness, If
5 Stability:. Prepare a new stock - o : negellnry..clem them using V., B. below.
) suspension each mo'nth. . 3 Check cells for scratches pad etching., -
_C Standard Turbidity Suspension - 40 units Discard those with {mperfections.
) 1. Dilute 10.00ml stock turbidity- C Instrument
suspension to 100ml witlrturbidity -
free water in a 100 ml volumetric flgek..
The turbidity is defined as 40 units.

1 Scale - If a 8cale i8 inserted. check
 that it 18 in the correct position. If
the scale is blank, construct a

; . ’ alibration scale for each rang® on.
2 Stability: Brepare a new standard ¢
suspension each week. - the inatrument. (See III B),

it are ' "2 Zero.- Adjust meter needle to zero
D__ ute S ard Turbidity Susgension int on scale as directed by manufactuer.
N 4 units . P§l
. ¢+
1 Dilute 1.0 ml atock turbidity 3 Lehs - Check for cleanness. if required,

follow turer's instructi for

suspension to 100 ml with turbidity- removing and cleaning the lens.

. free water in & 100 m] volumetric :
B Accurate re-positioning of the lens is
flask. The turbldity should be 4 units, eritical for accurate measurements. -»; '

T ' ' o N
CH. TURB.1ab. 1,11, 77 ’ 14 9 ) 28-1
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Calibration and 1)se of a Turbidimeter (Nephel

.
ter) n

4 Wnrm-Up Perlod - Follow III 'INSTRUMENT CAI.\IIBRATION AND
manufacturer’s instructions. . el ° . N
Continuous running is often suggested _ MEASUREMEN(TS D

R because of the photamultiplier tubes, A Pre-Calibrated Scale,

5 Focus - Use template or method
degcribed by manufacturer to check
and. if necessnry, set the focus.

1 Each day, ‘prepare at least one
standard for. the required instrument
‘range (8) (as determlqed in II. D., above)
by diluting one ‘of the Formazin
suspensions described"nbove in I, Rengents.
1 Use steps 5 through 16 in III ‘A below ;[‘;l;;.l;gN?..lm gives "EXAMPLE
£XCEPT Step 12 which should be: . i
Obtain a turbidity rendmg from the 1N ) £
scale, X - 2

' D Determlne Range of Snmple Turbidity":

Set the instrument RANGE knob at
‘the first range to be tested, (The -
«  instruffent should be,ON.  warmed up,
‘i zeroed, etc., as in H C ove),

2° Note which Range (inntrume,nt scale) .
best "brackets” the turbidity of each
' sample,
3 If the turbidity of a un;pli' exceeds
40 units. use the higher 'scalea pro-
vided to determine the dilution required
80 the final reading will be below -
-40 units.. For final measurements, use
the Range (Scale) npproprlnte for the 5
diluted sample.

« 3 Make any tnstrument ndjuutment speclﬂed

by the rr.qnu!ncmrey to use this RANGE

4 Ringe the SAMPLE CELL 3 times with
the ‘appropriute suspension (or nmple).

Shake the auspenuion to thoroughly
disperse the solida. (For secondary,

standards, check the manufacturer's

instructions for this ptep),
EXAMPLE DILUTIONS. = | R |
EXAMPLE . . '
INSTRUMENT | TURBIDITY FINAL FINAL

NO.| RANGES | VOLUME | STANDARD , DILUTION TURBIDITY

1 jo-o0.1 2,5 ml 4 unit ! 100.0 ml 0.1 ’

2 [0-0,2 5.0 ml 4 unit 100.0 m1 0.2

3 [0-0.3 7.5 ml 4 unit 100, 0 ol o5 7

4 [o0-1 ~ | z5ml 40 unit 100,0 ml 1

5 Jo-3  ° [T5mi 40 unit 100.0 ml 3 .

§ [0-10 25,0 ml 4Q unit 100.0 m1 - 10 -

7 [ 0-30 7.5 ml 400 unit “100,0 1 50

8 | 0-100 25ml | 400 unit -~ 100.0 ml 100 .
9 | o-3o0e 75 ml 400 unit- 100.0 ml 0~ . .
10 | 0 - 400 100 a1 | 400 unit 10040 ml 400 .
11 | 0 - 1000. 100 mnl 400 unit 100.0 ml ¢ 1) R "
: ~

. P . . . L
28-2 - 1 S 0 )
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.o - Calibration and Use of a Turbidimeter (Nepkelometer)

o

Wait until air bubbles disappear in . 14 . Remove the SALMPLE CELL.
the suspension.

15 Discard the standard nuspension.
7 Pour the suspension into the

SAMPILE CELL up‘ to the level - 16 Rinse SA 7:;l‘iE CELL 4 times with
specified by the manufacturer. : turkiuity — free water.

CAUTION: Always hold the cell

above the area from whictr light 7 Use Steps. 4 through 11 for cach
scattering is measured, / sample {or diluted sample) wo be

tested in this runge. For sar-ples.

N .
8 1l applicible. screw cap on cell. -~ step 12 should be - Record the
K L. -~ . * turbidity reading = the sample.
4 Wipe the outside of the cell With a Then do Steps ]:;t“,-ough 16 as
. lint-free tissue, above.

10 Examine the suspension in the cell  _ . NOTE: The final reading for samples
to check for ‘air bubbles: If air shonld'not exceed 40 NT'U. If this
bubbles. are present. eliminate reading is excceded for a sample,
them-” . . N dilute it and repeat the calibration/
L ~ measurement protedure above using

- Dby inserting the cell in the sample ; the apprapriate range and standard,

P holder and waiting a few minutes {3election of the range as described
4 s0 bubbles rise above photo- in 1. D. above should make this
/ multiplier tube. CAUTION: Alore : unrecessar) at tnis stage of the
, bubbles can form if o temperature procedure).
. rise occurs. o
: B Non-Calibrated Scale
b by holding the cell at the top and: =
- - . Prepar: a series of standards and
1 flicking side with your finger or make a calibration scale for cach -
. , . : range of the instrument.
2 dipping the end of the cell into an
ultrasonje cleaning bath or- a The instrument should be ON.
. warmed Up, zeroed, etc., as
- 3 centrifuging the filled cell in inlt ¢ above.
cups with rubber cushions, :md
surrounded with water. b Prepare enough standards to
. give several points on each
-4+ NOTE: After any of these scale so estimated-readings can
remr:dies,_ again wipe the he reasonably accurate.
outside of the cell. When air . .
bubbles are gone. insert the ¢ Use the table of EXAMPLE
cell in the sample holder. DILUTIONS in 111 A above to
. . . prepare the highest standard
oo Place the LlGHT SHIELD accordmg to for each inst-ument range.
A the ma'luracturer s instruction.’ . ) The rest of each’calibrating
series can also be prepared
12 Use the STA\DARDIZI\‘G control to by dilutions based on the in-
- . obtain a meter reading corresponding formation in tne table.
. to the turbidity of the standard . ,
°  suspension. 2 Self-prepared sca'es should also

N . be calibrated each day using the

13 Remove the LIGHT SHIELD. pruceduse given in {1I A above for

. . pre-calibrated scales.
™ 455
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Calibration and Use of a Turbidirneter (Nephclometer)

-

: Self-prepared scales are used for 3
samples ir. the manner described in
{11 A abo'e for pre-calibrated scales.

Observe stability times noted for
each in 1. above.

B Samp.le Cells

. )
IV CALCULZ TION/RESULTS 1

Liiluted Samples

-

’ . 2

\luliiply tinal sample readings by the
appropriate dilution factor.

Discard cells with scratches or ™ .
etching. .

Clean cells immediately after e
with this order of treatments:

a  detergent .
b  organi. solvents. if required

. deionized water

d  al-ohol or acetone rinses to
dry

e lint-free tissue. if required

Store in a manner to protagt the

cells ffom ecratches.

C Instrument

B Heporting Results. ’
Report results as follow's: .
B Report to Neares&:
0.0 -1.0 ’ 0.05
1-10 . 0.1
10 - 20 1 3
40 - 100 5
100 - 300 10
- 1
400 - 1000 . 50 ’
> 1000 100 ) 2
" ¢ Precision and Accuracy
. 3
1 In a singlg laboratory (MDQARL).
using surface water samples at
levels of 26, 41, 75 and 180 NTU. 4
the standarc .viations we:e + 0.60.
* +0.94. + 1.2 and + 4.7 units, 5
, respectively.

©

Acruracy data is not available at this
tizae. ..

V ETORAGE
A Standard Suspensions .

1 Store in glass containers at_room
temperature.

2 Excess light or heat may affect
stability,

p—
Ch
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A line operated instrument should
Be permaneitly located so moving
it often i8 not necessary.

Turbidimeters should be protected
from dust. esperially the lens system.

Store any removabl> parts as
directed by manufacturer.

Close any access doors.

Because of the photomultiplier tubea.
the manufacturer may suggest con-
tinuous running of the instrument to
insure maximun accuracy for mea-
surern.ents. Frequrncy of use can

determin~ the actual routine for warm-up

time.

Follow any other swrage directions
in the manufacturer's manual.

.
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Calibration and Use of a Turbidimeter (.\{ephelomeler)

REFERENCES

"1 \lethods for Chemical Analysis of

Water and \Wastes, EPA-MDQARL,
Cincinnati, Ohio 45268, 1974.,

2 lLaboratory Turbidimeter, jlodel 2100A,

Hach Chemical Co., Ames, lowa,
1073,

4 Turbidimeters, Information Circular
No. 373A, Fisher Scientific

Company. Pittsburgh, PA .
4 Analytical Quality Control, EPA-
AQCL. Cincinnati, Ohio 45268,
1872
. 1Y
. A

15

.
This outline was prepared by Audrey D.
Kroner, Chemist, National Training and
Operational Technology Center, MOTD,
OWPO. USEPA. Cincinnati, Ohio 45268,

Desceriptors: Analytical Techniques,
Laboratory Tests., Turbidity*
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s CALIBRATION AND USE OF A CONDUCTIVITY METER

1 EQUIPMENT AND REAGENTS 'turning the specific conductance switch.

The specific conductance reading should
A Equipment . < be approximately 200-micromhos/cm.

1 Solu'Bridge conductivity meters ’ .

2 Probes . . .
‘m DETERMINATION OF THE CALIBRATION
a Cell VSO2 ) - CONSTANT
b Cell vS2 - ‘ A Determine the temperature of the
. standard KC1 solutions and move the .
N ¢ Cell VS20 ’ ) temperature knob to that value.
;3 Thermometers . B Connect probe Cell VS02,to the con-

ductivity meter.
1 400 ml beakers ..
) C Rinse the probe in the beaker of
B Reagents * distilled ater, wipe the excess water

. with a kimwipe“and pléce probe in the
1 Standard KC1 solutions firat beaker of KC1 solution (0.0001 N).
Normality of Specific Conductance D Make cértain the cell i5 submerged to
KC1 Solution micromhos/cm. a point at least 1/2 {nch above the air
0. 0001 14.9 - hole and that no entrapped air ‘remains.

=The cell should also be at least 1/2

0.001 147.0
0 01 1413.0 inch from the inside walls of the flask.
0.1 12900.0
E  Press and hold down the ON-OFF
2 Distilled water . button, simultaneously rotating the main
R . scale knob until the meter reads zero.
. Release the button. (If the meter needle
II  CHECKING THE INSTRUMENT remains off scale or cannot be nulled,
. . ) discontinue testing in that solution,)
A The measurement of specific conductivity
as presented in gections Il and III is . F  Record the scale reading in Table 1 and
written for cne type of condugtfvlty meter proceed to KC1 golutions 0.001N,
and probe. - 0.01N, 0.1 N using Steps C, Dand E.

B A battery cneck is/made by depressing & -Repeat steps C through F using the VS2,
the Battery Check switch; and at the then the VS20 prote.
same time pressing the on-off.button. .

The meter needle should deflest to the H Compute the cell calibration constant-a

right (positive) and come to rest in the factor by which scale readings must be

green zone. multiplied to compute specific conductance:
K _=cM

! 8]
C Place a 10,00 ohm resistor in the holes where K = yetual specific conductance,

of the electrical contacts on the meter. 8|
= briatis
Turn the tersperature knob to read 25°C. ;1.' :::te:.%::;;;,ognszmt
Depress the on-off button and bring the (continued next page)
meter needle to a reading of 0 by :

. 154
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Calibration and Use of a Conductivity Meter

Prote

i, TABLE ' DATA FOR CALIBRATION CPNSTANTS

T
EC]

"y .
Cell V502 . Cell VS2 Cell VS20

S$nlutions 0,00(;]5'0‘00“\' 0.0IN [0.1N | 0.000IN [0.00IN |0.01N {0.1N ;0.0Q0IN 0.00IN [0.0IN j0.IN |

Text
! '

t

T

) Celd ' -
LCon-uné

For each cell, calculate the cell constant

by using the meter reading closest to the

400 - 600 range. The known specific
conductance for the corresponding KCI -
solution can be found in 1B Reagents. Record
Lthe cell constants on Table I.

IV DETERMINATION OF Kep FOR SAMPLES

Obtain m-ter readings, M, for samples
A, Ban C using Section III C, Dand E.
Record M in Tahle 2, See Table I for
the appropriate cell constant, ¢, to
calculate Kg, for each sample where
Ksp = cM. gecord results in Table 2.

V EPA METHODOLOGY

The current EPA Manualf 1) srecifies
using thé procedures found in References
2 and 3. These procedures have been
adapted for this laboratory session and
all are approved in 40CFR136 for NPDES
report pur-oses. -

ACKNOWLEDGMENT

This outline contains certain portions of
previous outlines by Messrs. J. W. Mandia,
and J. R. Tilstra.

REFERENCES

1 Methods for Chemical Analysis of

Water and Wastes, USEPA. AQCL, ~
Cincinnati, OH 45268, 1974.

2  Standard Methods for the mination
of Water and Wastewater, /14th
Edition. 1976.

3 Book of ASTM Standards, Part 31, 1875.

This outline was prepared by C. R. Feldmann.
Chemist, National Training and Operational
Technology Center. and revised by Audrey D.
Froner. also with National Training and
Operational Technology Center. MOTD, OWPO,
USEPA, Cincinnati. Ohio 45268.

Descriptors: Analytical Techniques, Conductivity.
_ Pescrptors: A

Electrical Conductance, Specific Conductivity.
Water Analysis.

TABLE 2. SPECIFIC CONDUCTIVITY TESTS

Sample A

B e .

Call | Cell| Cell | Cell

Probe vsoz2 | vs2| vsio | vsoz

Cell [ Cell | Cell | Cell | Col)

1 I

vs2 | vsi0\] vsoz | VS2 | VS0

29-2




O

ERIC

Aruitoxt provided by Eic:

LABO.ELATORY SAFETY PRACTICES

INTRODUGTION

A Safe Uée. Handling and Stomée of Chemicals

-

Chemicals in any form can be safely
stored. handled, and used if their
hazardous' physical and chemical

* properties are fully understood and the
necessary precautions, including the
use of proper safeguards and personal
protective equipment are observed.

2 The management oi every unit within a
manufacturing establishment must give
wholeheartec support to a well integrated
safety policy,

B General Rules for Laboratory Safety

1 Supervisory personnel should think
"safety."” Their attitude toward fire
and safety standard practices is reflected
in the behavior of their entire staff.

2 A safety program is only as strong as
the worker's will to do the correct
things at the right time.

3 The fundamental weakness of most
safety programs lies in too much lip
service'to safety rules and not enough
action in putting them into practice.

4 Safety practices should be practical and
enforceable.

Aceident prevention is based on certain
common standards of education,. training
of personnel and provision of safeguards
against accidents. :

3]

LABORATORY DESIGN AND EQUIPMENT

A Type of “Conatruction

1 Fire-resistant or noncombustible

2 Multiple story buildings should have
adequate meéans of exit. A

PC.SA.l1ab. 1. 1,77

15

3 Stairways enclosed with brick or
concrete walls

4 Laboratories should have adequate exit
doors to permit quick, safe escape in
an emergency and to protect the
occupants from fires or accidents in
adjoining rooms. Each room should be
checlred 10 make sure there is no °
ckance of a person being trapped by
fire, explosions, or release of dangerous
gases.

-

3]

Laboratory rcoms in which fhost of the
work is carried out with flammable
Hquids or gases should be provided
with explosion-venting'windows. ?

Arrangement of Furniture and Fquipment

. 1 Furniture should be arranged for

maximum utilization of available space ,
and should provide working conditions
that are efficient and safe.

(3]

Aisles beétween benthes should be at
least 4 feet wide to provide adequate
rogm 1or passage of personnel and -
equipment.

3 Desks should be igolated from benches
or adequately profected.

.4 Every laboratory should have an eye-

wash station and a safety shower.
Hoods and Ventilation .
1 Adequate hood facilities should be

installed where work with highly toxic
or highly flammable materials are used.

2 Hoods should be ventilated separately

and the exhaast should be terminated -
at a gafe distance from the building.

3 Make-up air should be supplied to
rooms or to hoods to replace the
quantity of air exh‘usted through the

hoods.

30-1
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Laboratory Safety Practicas

4" Hood ventilation systems are best'
designed to have an air flow of nowless
than 60 linear feet per rinute acres:
the face of the hood, with all doors open

* and 150, if toxic rnaterizls are involved,

w

Exhaust fans should be spark-proof if
exhausting flaromable vapors and
corrosive resistant if nandling corrusife
fumes.

Controls for all services should be
located at the {ron: of the' hood and
should be operable waen the hond door
is closed.

‘o

7 Al laboratory rooms should kave the
air changed continuously at a rate
depending on the ruaterisls being
handled. '

D Electrical Services

1 Electricai nutlets should be placed
outside of hoods to afford easy access
and thus protect therm from spills and
corrosion by gases.

.2 Noninterchangeable plugs should be
provided for multipie electrical services.

- 8 Adegnate outlets should be prbvlded and ¥
should be of the :hree-pole type to
provide for adequate grouncing.

E Storage

1 Laboratories should provide for-adequate -
storage space for mechanical equipment
and glassware which will be used
regularly,

2 Flammable solvents should not be stored
in glasa bottles over one liter in size.
Large quantities should be stored in ~
metal safety cans. Quantities requiring
containers larger than one gallon gshould
be stored outside the laboratory.

w

Explosion proof refrigerators should be
used for the storage of highly volatile
and flammable solvents.

30-2

4 Cylinders of compressed or liquified
gases should not be stored in the
-laboratory.

Housekeeping

1 Housekeeping play¥®an important role
in reducing the frequency of laboratory
accidents. Rooms‘should be kept in a
neat orderly condition. Floors, shelves,
and tables should be kept free from
dirt and from all apparatus and chemi-
cals not in use.

2 A clittéred laboratory is a dangerous

« place t0 work. Maintenance of a clean
and orderly work space is indicative of
interest, personal pride, and safety-
mindedness. R '

3 Passageways should be kept clear to all
Ruilding exits and stairways. Y
4 Metal cretainers should be provided for

the dispcesal of broken glassware and
'~ should be properly labeled.

P

5 ~ =marate approved waste disposal cans,
avld be provided for the dieposal of
waste chemicals,

.

6 Flammable liquids not misciktle with
water and corrosive materials, or
compounds which are likely to give off
toxic vapors should never be poured
. > the simk.

G Fire Protection ~

1 "Laboratory personnel shovid be ’
adequately trained regarding pertinent
fire hazards associated with their work.

2 Personnel should ktiow rules of fire
prevention and methois of com‘mw 4
fires.

° 3 Fire extinguishers (CO type) should
‘be provicded at convenlent locations an.i
perscnnel should be instructed !n their
use. .

4 'Automauc sprinkicr systems are
effective for the control of nres in
chemical labaratorics.

T



4 Laboratory Sifety Fractices

- H -Alarms . 5 Use electric manl&b for heating |

distillation apparatus, ctc. .
1 Anapproved fire alarm system should -
be provided. . 4 To remove glass splinters, use a
- whisk broom and a dustpan. Very
2 Wherever a hazard of accidental release small pleces can be picked up with a
of toxi: gases exists, a gas alarm large pfece of wat cotton.

System to warn octupants to evacuate -
the building shguld be\provided.
’ 1V GASES AND FLAMMABLE SOLVENTS

w

Gas masks of oxygen or compressed afr - -
type should be located near exits and A Gas Cylinders
selected personnél trained to use them. .

1 Large cylinders must be sccurely
. e i - fastened so that *hey cannot be dis-
Ml HANDLINC GLASSWAREL lodged or tipped in any direction,

A Receiving, Inspection and Storage 2 Connections, gauges, regulators or
: - fittings used with other cylinders must
1 Packages containing glassware should ) not be interchanged with oxygen
. be opened and inspected for cracked or - cylinder fittings because of the possi-
nicked pieces, pieces with flaws that biljty of fire or explosion from a - .
may hecome cracked in use, and badly reaction between oxygen and resicual -

shaped pieces. * oil in‘the fitting.

2 Glassware should be stored on well- 3 Return empty cylinders promptly with
lighted stockroom shelves designed and . ' . protecdtive caps replaced. e
having a coping of sufficient height ..
around the edges to prevent the pleces °~ ° B Flammable Solvents

from falling off.
‘ - . 1 Store in designafed areas well

B Laboratory Practice o *  ventilated.
. 1 Select glassware that is designed for the ' 2 Flash point of a liquid is tne temperature -
type of work planned. at which it gives off vapor sufficient to
) ; "+ form an ignitible mixture with the air *
2 To cut glass tubing or a i*nd, 'make a . - near.the surface of the l!qu!d or wllhin -
straight clean cut with a cutter or file e the vessel used.

at the point where the piece is to be

severed. Place a towel over the piece .3 lgnition temperature of a sub is
to protect the hands and fingers, lhen the minimum temperature required to
break away from the body. initiate or cause gelf-sustained com-
, bustion independently of the Heating o
3 Large size'tubing is cut by means of a - heated element.
heated nichrome wire looped around the .
piece at thepoint of sevennce. 4 Explosive or flammable limits. For

most flammable liquids, Zases and

4 When it is necessary to inserl a plece solids there {s @ minimum concentration
of glaas tubing or a rod through a of vapor in air or oxygen below which .
perforated rubber or cork stppper, propagnllon of flamé does not occur ¢
select-the correct bore so that the ‘contact with a source of ignition,
insertion can be made without excessive There is also,a maximum proportion of

strafn. vapor or gas in afr above wh!ch
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Laboratory Safety Practices

propagation of flame does not occur.
These limit mixtures of vapor or gas
with air, which if ignited will just
propagate flame, are known as the .
"lower and higher explosive or flammable

B Oxidizing Materials . .

1 Such oxidizing agents as chlorates,
feroxides, perchlorates and perchloric
acid, in contact with organic matter

limits." can cause explosions and fire.

* 2 They are exothermic and decompose
rapidly, liberating oxygen which reacts
with organic compounds.

Explosive Range. The difference
between the lower and higher explosive
or flammable limits, expressed in
terms of percentage of vapor or gas in

w

air by volume is known as the "explosive 3 Typlical hazardous oxidizing agents are:
range." R :
’ Chlorine Dioxide
6 Vapor Density is the relative density Sodium Chlorate
of the vapor as compared with air. Potassium Chromate
Chromium Trioxide
7 Underwriter's Laboratories Classification Perchloric Acid
is a standard classification for grading .
the relative hazara of the various C Explosive Power

flammable liquids. This classification
is based on the following scale: 1 Many chemicals are explosive or form
: compounds-that are explosive and
Ether Ciass 100 should be treated accordingly.
Gasoline Class. 90 - 100 - . 2 A few of the more common examples

Alcohel (ethyl) Class 60 - 70 of this class of hazardous materials are:,

‘Kerosene Class ...%.... 30 - 40 * Acetylides . .
; . ]
Paraffin Oil Class....,. 10 - 20 ,Stver Fulminate .
. Peroxides
Peracetic Acid
Nitroglycerine
8 Extinguishing agents ] Picrie Acid
~ . > . Chlorine and Ethylene
V CHEMICAL HAZARDS Sodium Metal ‘

Calcium Carbide

A_ _Acids and Alkalies D Toxicity’
1 Some,of the most hazardous chemicals
are the "strong' or "mincral” acids
such ag hydrochloric, hydrofluoric,

sulfuri¢ and nitric. -

1 Laboratory chemicals improperly
stored or handled can cauge injury to
personnel by virtue of their toxicity.

2 Types of exposure. There are four

2 Organic acids are less hazardous types of exposure to chemicals:

because of their comparatively low
{onization potentials, However, such a Contact with the skin and eyes
acids as phenol (carboliz acid), . .

hydrocyanic and oxalic are extremely . b Inhalation
hazardous because of their toxic ¢ Swallowing
properties. v d Injection

.

3 Classification of acids

30-4 -
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Laboratory Safety Practices

V1 PRECAUTIONARY MEASURES 2 First emphasis in the laboratory
. should be on preventing accidents.
A Clcthing and Personal Protective Equipment This means observing all recognized
safe practices using necessary personal
1 Chemical laboratories should have protective equipment and exercising
special protective clothing and equipment . proper control over poisonous sub-
readily available for emergency use and stances at the source of exposure.
for secondary protection of personnel .
working with hazardous materials. 3 So that a physjcian can be summoned
. . ) . promptly, every laboratory should hav:
2 Equipment should be provided for adequate: posted the names, telephory’numhers,
and addresses of doctors to be called
a ‘Eye protection . in an emergéncy requiring medical care.

b Body protection .

¢ "Respiratory protection REFERENCES
d Foot protection . Guide for Safety in the Chemrical Laboratory,
the General Safety Committee of the
Manufacturing Chemists A ssociation, Inc.,
Van Nogtrand, New York (1954). N

e Hand proteéuon
B Bodily Injury
1 Burns, eye‘injuries, and poisoning are

the injuries with which laboratory
people must he most concerned.

This outline was prepared by Paul F. Hallbach,
Chemist, National Training and Operational
Technology Center, MOTD. OWPO, USEPA,
Cincinnati, Ohio .4526§

Descriptors: Safety., Laboratory, Practices

Safety, Laboratory Design Chemical Storage.
Gas Cylinders, Flammable Solvents
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